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WHY ARISTOTLE INVENTED THE WORD 
ENTELECHEIA ( Continued ) 


By WM. E 

SECOND FOREWORD 

I ETTERS evoked by the portion of this article 
published a year a go, have shown me that 
nowhere in the substance of the article do 
I make clear the ground of my interest in 
the problem discussed. That ground is, 
first and most deeply, my interest in Nature—in all 
Nature—not in a few parts of it that happen to strike 
my personal likes or dislikes. This interest grew, 
slowly and long, sometimes interruptedly but never 
menacingly, and led me, finally, to “accept the Uni¬ 
verse." 

Though always hesitant about being too hard on 
the Universe, even on the parts of it that were least 
to my taste, it was not till after my period of infallible 
knowledge about it and cantankerous criticism of dis¬ 
approved parts of it (period, i.c., of early and middle 
life) that I became duly impressed with the serene way 
Nature gets along in the face of fault-finding with her. 
Not till then did my acceptance become whole-hearted. 

But other factors contributed to the acceptance. One 
of the most influential of these was the clarification of 
my understanding that we ourselves arc parts of the 
Universe in so vital a fashion as to be privileged, in¬ 
deed compelled, by the very nature of the case, to con¬ 
tribute to making the Universe what it is on any par¬ 
ticular day of our lives. 

Seeing that by no hook or crook can we do other¬ 
wise, it is best, then, for us to accept the Universe— 
as a reality . But, seeing further that we cannot avoid 
contributing to changes in that reality, it is best for 
us to see to it as far as possible that these changes are 
good for us. 

Vast scientific researches have made the interrelated- 
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ness of parts of nature far more manifest to us than it 
has been to previous generations. We ourselves and 
the myriad other living things, likewise the earth, 
the sun and all the heavenly hosts, without which we 
neither live nor move nor have any being—of such 
docs reality turn our to be. 

Travel on this highway led me in due time to recog¬ 
nize the need of some one word or phrase for expressing 
a truth about reality that is not expressed by any 
English word. Aristotle’s famous word entelecheia 
comes very near filling this need. The phrase “com¬ 
plete reality," adopted by W. D. Ross as an English 
equivalent for the word, is justifiable so far as my very 
meager knowledge of the Greek language enables me 
to judge. “Fulfilment” Professor Ross kindly sug¬ 
gests now by letter as a possible single-word equivalent. 
This would be fine if it could include the idea of gene¬ 
sis as unmistakably as docs "complete reality;" for 
the inclusion of this idea is unquestionably one of the 
chief merits of the word. 

These paragraphs arc a revision of the Foreword to 
the installment already published. Their purpose is 
to make clearer my primary interest in this study. But 
I want also to make clear my secondary interest, the 
question of Aristotle’s'attitude toward, and concep¬ 
tion of, Nature. Intrinsically the man was cast in the 
same spiritual mold, according to my view, that all 
the great naturalists of all the ages have been cast in. 

Of these naturalists I mention only two, restricting 
myself thus for a reason that will appear as we go 
along. The two chosen arc Charles Darwin and T. H. 
Huxley. 

In several late publications it is pointed out that all 
naturalists may be ranged in two great subdivisions. 
For one of these the terms naive and analytic , for the 
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other philosophic tad synthetic, have been suggested. 
Neither the naming nor the defining of the groups is 
particularly easy. There is, however, one character¬ 
istic that is of almost unfailing diagnostic value. That 
is the presence or absence in a given naturalist of in¬ 
terest in, and effort on, the nature of knowledge itself, 
the epistemology of traditional philosophy. 

Any naturalist who “accepts the universe" in the 
sense above indicated, i.e., not only because he can't 
help himself but because he is eager and glad to, 
thereby commits himself to some serious attention 
to the problem of knowledge. This for the obvious 
reason that having accepted himself as part of the uni¬ 
verse, he has accepted all of his activities. Among 
these activities are his getting and using of knowledge. 
So it turns out that every such naturalist belongs willy- 
nilly, to both the subclasses of the class of naturalists 
we are recognizing. 

But so well-nigh universal is the custom among 
modern students of the natural sciences to limit their 
studies to the external world that any tendency other¬ 
wise has tended to bring ill repute upon the venturer. 
To be “objective" is the unfortunate term chosen as 
descriptive of the proper method of procedure. The 
need for more critical attention to the meaning of this 
and many other words used by naive naturalists is one 
of the things that makes it important for every naive 
naturalist to become also a philosophical naturalist 
in some measure. (In anticipation of the legitimate 
query as to what my pretensions to being a philosophi¬ 
cal naturalist rest on, I refer to a few, rather fragmen¬ 
tary, writings of ihis purport which have thus far been 
published: Ritter and Bailey, 1917,1918,1919, Ritter, 
I 9 l 9» 1931) 

So prodigious in size and complexity of structure 
and action is the portion of nature outside of us, and 
so fascinating is it, too, that it is neither surprising 
nor deplorable that the vast majority of naturalists 
should occupy themselves very largely with the study 
of this portion of nature. But it is also neither sur¬ 
prising nor deplorable that a considerable number of 
naturalists should be more interested in the processes 
themselves of getting and using knowledge than in 
the things known and used. 

Of all those who have accepted nature the most 
fully and devoted themselves most single-mindedly 
and effectively to the study of her in the fashion we 
have denominated as naive, no one seems to have 
equalled, much lest to have surpassed, Charles Darwin. 
The implication of this, that the exalted place held 
by Dawrin among scientists is due to his labors as a 
naive naturalist to the almost entire exclusion of 
labors as a philosophical naturalist, is likely to come 
with something of a shock to most, perhaps to all, 
scientists. Yet in so far as occupation with the prob¬ 


lem of knowledge is taken as a criterion of philoso^y, 
Darwin’s aloofness can be shown with great cleam^g. 
All professional philosophers who have given atten¬ 
tion to the point seem agreed on this. The truth if 
it deserves mm attention than it has received. \ 

T. H. Huxley, on the other hand, is allied with the 
philosophical as well as with the naive naturalists. 
His Hume, Hume with Helps to the Study of Berkeley , and 
portions of his articles on Agnosticism led him far into 
the problem of knowledge. These writings mark him 
as a philosophical naturalist quite as definitely as his 
writings on marine invertebrates, on fossil vertebrates, 
and on human anatomy and physiology mark him as 
a naive naturalist. 

In unpublished manuscript of the larger work of 
which this article is a part, I draw quite a “parallel 
lives" of Aristotle and Huxley. In the likeness in 
type of the two, nothing stands out more sharply than 
their common characteristic of natve-ness on the one 
hand, and pbilosopbic-ness on the other hand. Both 
did extensive researches on marine invertebrate zool¬ 
ogy, that is to say, on animals far down the zoological 
scale in one direction; and also on man and the higher 
vertebrates in the other direction. 

The conclusion I reach about Aristotle may be epi¬ 
tomized as follows: In original responsiveness there 
is every reason to suppose his bent was toward accept¬ 
ing nature in the sense indicated. His childhood and 
early youth, lived in a home environment of medicine 
and surgery and a neighborhood environment of hills, 
valleys and streams, and of sea and shore, as these 
entered so largely into the physical geography of the 
almost primitive Macedonia of that time, would be 
especially favorable for such a bent. A flood of par¬ 
ticulars—sensory particulars—largely primal, never- 
ceasing, ever-varying, poured upon the boy from all 
sides. Research of late years has convinced us that 
the influence of environment on the mentality of young 
children is such that conditions like those under which 
Aristotle lived as a boy are by no means insignificant 
for the rest of life. 

Then came the transplantation of the youth to 
the vastly different environment, that of a city and 
a culture of peerless grandeur. Athens and the 
Academy! 

The flood that poured upon the youth and young 
man for almost twenty years—what a contrast it was 
from the flood that had poured upon the boy! Uni* 
versals now, not particulars, were its chief substance. 
And this meant thoughts more than sense perceptions. 
Subtleties of expression, dialectic and rhetoric more 
than names, descriptions and classifications of observed 
objects were now the constituents of the flood. 

But no environment whatever is the whole story 
for any living being. The being itself is an essential— 
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an exceedingly essential—part of the story. Particu¬ 
larly is this so if the being is as highly constituted as 
is a human being. Most particularly of all is it so if 
the human being happens to be an Aristotle. 

Readily as the youth responded to, profoundly as he 
was influenced by, the stream that flowed from the 
Athenian and Academic environment, this stream 
could not entirely obliterate the influence of the flood 
to which he was subject as a boy. Consequently, as 
he neared the maturity of manhood and passed beyond 
the precincts of the Academy, he began to feel, we may 
conjecture, that the kind of thing he experienced years 
ago in Macedonia was not less real than the kind he 
had now experienced in Athens, and hence that the 
two must be in harmony at some great depth of truth. 

Distressingly scant though the biographical evidence 
is, it justifies the surmise that at this critical period of 
his life Aristotle caught a gleam that led him to be¬ 
come, finally, the “type specimen” (this technical 
term 1 am entitled to use from my vocation as a taxon¬ 
omist in natural history) of the subspecies philo¬ 
sophical naturalist, of the species naturalist, according 
to our classification. 

The truth, a gleam of which 1 imagine him to have 
caught, concerns the phrase: “accept the universe.” 
Is the phrase to be taken as merely these two words 
with some ill-defined meaning attached to them? Or 
is it to be taken with a meaning that corresponds to 
the objective truth about the Universe and the emo¬ 
tional-rational truth about accepting? The constitu- 
tution of the universe is such that it must be accepted 
both in its state of wholeness and in its state of com¬ 
positeness. He who attempts to accept it on any 
other basis than its oneness on the one hand, and its 
manyness on the other hand, makes the attempt at the 
peril of his own oneness, or integrity. As to size and 
number of parts, the universe has no limits so far as 
observational knowledge has been able to ascertain. 
As to the creative and sustentative powers of the uni¬ 
verse, there are no observably demonstrable limits to 
its powers of sustaining already existing parts and of 
producing new parts. 

Of these truths about the universe, Aristotle caught 
hardly more than a gleam. How could he have done 
better? So small a portion of the universe, and so few 
of its parts were accessible in his day, the wonder is 
that he should have caught even this much. 

But catching even this much of the truth sufficed to 
endue him with a sensitiveness to all the things round 
about him, with curiosity about their deepest meaning, 
and with determination to satisfy himself on these 
scores. Accordingly, when about forty years old he 
laid out for himself the task, recognizable by us now 
as inconceivably vast, of acquiring a knowledge and 


understanding that should be coextensive in size and 
commensurate in detail with the Universe. 

He would produce a science of the whole Universe 
in contradistinction to the science taught at the Acad¬ 
emy which he seemingly (and I think rightly) re¬ 
garded as in effect an attempt to avoid accepting 
exceedingly important parts of the Universe. The 
historic fact and the probable significance thereof 
that Aristotle turned with greatest seriousness to the 
study of nature after his extensive studies in the Acad¬ 
emy, appear to be gaining recognition by specialists 
in the Aristotelian writings. Ail naturalists measur¬ 
ably acquainted with the whole situation would, I 
think, agree that such pretended natural knowledge 
as that presented in the Timaeus , for example, could be 
no more acceptable to Aristotle as a naive naturalist 
than the Platonic Forms and Ideas were accepiable to 
him as a philosophical naturalist. 

But the undertaking that Aristotle proposed for 
himself was gigantic even in his day, relatively small 
and simple though the Universe then seemed. As a 
naive naturalist he must describe, name, and classify 
all its lands and waters and the inhabitants thereof; 
the sun, moon and stars; the blue sky; the air with its 
winds and storms; and whatever else might be con¬ 
tained in the flood of sensory experience. Further¬ 
more thc;causes, potencies, and actualities of all these, 
he would have to consider. 

The attempt to carry out this part of his program 
was responsible for bringing upon his head the modern 
withering criticism of superficiality. From spreading 
himself over everything and consequently being thor¬ 
ough in nothing, his labors, though universally ad¬ 
mitted to be almost unsurpassed in volume, are viewed 
by some exact scientists of our day as valueless if not 
worse. It is true that much of all natural science since 
the Greek period may be looked upon as additions to 
Aristotle's beginnings and corrections of his errors. 
This is particularly true for the sciences of inanimate 
nature. But there is much truth in it too for the sci¬ 
ences of animate nature—the sciences in which his 
chief researches were made. 

But, foundational as were Aristotle’s attributes as 
a naive naturalist, more definitive of him were his 
attirbutes as a philosophical naturalist. For the 
problem of knowledge was his main concern, as 
everybody knows, in his “ First Philosophy ' (called 
Metaphysics by later students) and in his group of 
treatises generally called by his successors the Organon, 
or Logic . The final test of how far the man succeeded 
in carrying out his grand pro ject must be sought here. 

Far be it from me to presume myself competent to 
apply this test fully. My task is much smaller. It is 
only that of finding the use Aristotle made of his 
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term entelecbeia in his treatment of the problem of 
knowledge, with a view to learning whether he could 
use it, when speaking as a philosophical naturalist, 
consistently with his use of it when speaking as a 
naive naturalist. My efforts speak for themselves, 
chiefly in the portion of this article here presented. 
Since they contain my most important restrictions on, 
and deviations from the Aristotelian teachings I make 
this expiative remark: Allusion was made above to 
the patent fact that the vast progress of natural science 
since Aristotle’s time has consisted largely in adding 
to and correcting, what he did. Adding and correct¬ 
ing thus is in the very essence of natural knowledge. 
Especially is this true of such knowledge as belongs 
to the realm cultivated by naive naturalists. Why, 
then, should we not expect that something of these 
processes would operate in the realm cultivated by 
philosophical naturalists? But the nature of scientific 
and philosophic knowledge would justify the expecta¬ 
tion that addition and correction would play far lesser 
parts here. Generalization, abstraction, ideation, 
reason, bringing great masses of sense data under a 
common viewpoint, are just what make philosophical 
naturalism as an indispensable correlate of naive 
naturalism, the two together constituting Naturalism 
in its full meaning. 

Whatever of merit or demerit may belong to Aristotle 
in mankind’s effort to know itself and the world of 
which it is a part, this much, according to my inter¬ 
pretation, will stand to his credit as long as this desire 
and effort shall continue: He saw, as none before him 
and few since, have seen, that success in the Great 
Enterprize is contingent upon the acceptance of the 
Universe both as One Whole and as Many parts taken 
one by one, to constitute the whole. Any interpreta¬ 
tion of Aristotle that would class him as a sub-natural¬ 
istic atomist or clcmcntalist or as a supra-naturalistic 
“holist,” is untrue to the deepest nature of the man. 

So far as the ground of this interpretation is reduc¬ 
ible to a minimum of single words, those words are: 
Afo'ajus (dunames), power, potentiality; 'E^pycta 
(cnergeia), activity, actuality, and 'EpreXtxeta (entcl- 
echcia) complete reality, fulfilment . Of these the last is 
far-and-away the most important since it takes ac¬ 
count of not only the whole, any whole, but of all its 
constituent parts, and of its coming to fulfilment by a 
course of individual development. 

A postscript to those, some of them friends or ac¬ 
quaintances, others personally unknown to me, who 
have made valuable comments and criticisms on the 
portion of the article already published: It is a great 
satisfaction to me, and will, I hope, be reassuring to 
readers generally, that in every case these commen¬ 
taries (some of them from highly competent technical 


sources) agree that the main point of my contention 
is well taken. 

For reasons that seem obvious it is impracticable 
to take advantage now of all the useful suggestions 
given me. But when and if the article comes to publi¬ 
cation in the whole of which it was written as a part, 
these and such further suggestions as may come, 1 
certainly count on for improvements of that whole. 

II 

CAUSE AND THE WHOLE-AND-ITS-PARTS 

In the first installment of this essay we 
carried the examination of the concept of a 
whole-and-its-parts, as worked out to a 
large extent by Aristotle, far enough to 
sec something of what is involved when 
the concept is applied to individual human 
beings. But very much more remains to 
be seen in this direction. 

The “complete reality’* (' entelecbeia ) of 
such a being certainly includes the entire 
gamut of its conscious (as well as infra- 
conscious) experiences. 

Now, nothing is more certain than that 
within these experiences are the most 
exalted aspects of rational and spiritual 
life on the one hand, and the most unquali¬ 
fiedly physical aspects of nutritional and 
sexual feeling and action on the other hand. 

What, from this standpoint, did Aris¬ 
totle do for these aspects of human life? 
Two negative but yet important answers 
arc readily given: (i) We may be sure he 
did not overlook or minimize the reality 
and importance of cither aspect. We know 
him to have been too good as both natu¬ 
ralist and philosopher for that; (2.) we may 
be sure he could not possibly, however 
capably he might try, be fully successful as 
to either aspect. His knowledge of the 
structure and actions of animals and of 
natural bodies generally was much too 
scanty and error-pervaded. Consequently, 
in striving to answer our question, we must 
follow the course pursued thus far in this 
study. We must examine what Aristotle 
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knew and thought and did in the light of 
what moderns know and think and do. 

The examination may well begin with 
a more careful scrutinizing and appraise¬ 
ment than we have yet made of the factual 
data now in our possession in their bearing 
on the problem of the causal relations be¬ 
tween a body in its wholeness and the 
parts of which it is composed. Readers 
of the Aristotelian writings hardly need 
reminding further of the relation of this 
problem to Aristotle’s “our usual method 
of investigation/* the method, namely, 
of analyzing a whole into its parts. But 
sufficient notice has not yet been taken of 
the relation between this problem and the 
Aristotelian ideas of a whole-and-its-parts 
and of form and matter. With nearly all 
of modern science the notion has much the 
force of a religious dogma that to ana¬ 
lyze a compound into its least parts is to 
explain that compound causally. Or at 
any rate, so the dogma holds, if in a par¬ 
ticular case the explanation is not quite 
ultimate, this is because the analysis has 
not yet gone far enough. The ultimate 
goal of explanation is, per sc, where analy¬ 
sis ends. So far as the inner nature of com¬ 
pounds is concerned, causality works in 
one direction only, i.e., from parts and 
elements toward the whole. Indeed, so 
far as concerns the nature of compounds, 
it is hardly too much to say that cause is 
conceived to be that which the parts, 
especially the least parts, do to and for the 
compounds they compose. 

Such a notion as that a body in its whole¬ 
ness may act causally on its parts not only 
has almost no place in modern science, 
but with the ultra-analytic school such a 
notion is heresy and should be treated as 
such. Cause must be so conceived and 
defined as to exclude the notion. 

Something of the scope and depth of the 
Aristotelian disagreement with this posi¬ 


tion is known to everyone acquainted with 
the Aristotelian writings. 

The involvement of the idea of cause 
in these writings is of course one of the 
characteristics and one of the specially 
hard and controversial things about them. 

A brief examination of this question appears the 
more opportune at present because of what General 
Smuts has given us (or rather, has not given us) on the 
question. No one can, I think, read Holism and Evo¬ 
lution and other writings of this author on this general 
subject without being deeply impressed. But for me, 
at least, the impression is considerably mixed owing 
to the fact that I find no evidence, cither direct or in¬ 
direct, that the author has studied seriously, if at all, 
the works of Aristotle in their bearings on the prob¬ 
lem of wholeness (Smuts, 1915,1931). 

Modern science, biology especially, has 
taken much cognizance of some of the 
toughest of these things. A general dis¬ 
cussion of the controversial matters here is 
not to be thought of, nor would it be more 
than slightly relevant to our main purpose. 
There are, however, three things in the 
Aristotelian teachings about cause that are 
sharply relevant to our purpose. Two of 
these, the material cause and the formal 
cause, have been discussed almost endlessly 
in the past. The third, the principle of 
multiple cause, appears to have received 
little if any close attention. Yet the evi¬ 
dence that Aristotle recognized this prin¬ 
ciple to some extent is conclusive and seems 
more significant for estimating the relation 
of his knowledge and thought to modern 
knowledge and thought than has been 
appreciated. One piece of evidence on the 
point is this:—Following the definition of 
the four causes in the “Philosophical Lexi¬ 
con” we read: “These, then, are the causes, 
and this is the number of their kinds, but 
the varieties of causes arc many in number. 
. . . Causes are spoken of in many senses” 
(Metaphysics ioi3 b 18-30 Ross trans.) Al¬ 
though many illustrations, by inference at 
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leasts of like purport could be given, the 
statement itself will have to suffice. 

We turn now to what I interpret as 
really a modernization of one aspect of 
Aristotle's formal cause. That aspect, ex¬ 
pressed in terms consonant with the grow¬ 
ing demands of theoretical biology, is 
that to the extent (which is certainly large) 
that Aristotle's idea of form is the lineal 
forerunner of modern morphology, his 
formal cause is the lineal forerunner of the 
idea that a living compound whole is as 
truly causal of the organism as are the 
parts or elements of which it is composed. 
I venture to express, dogmatically at first, 
what it seems to me the modern position 
is or soon must be, on this question: 
Every whole , especially every living whole t acts 
causally on its parts as well as being acted on 
causally by its parts. 

The interaction of the parts of any body 
to make that body alive is now so far un¬ 
derstood that it is doubtful if the most 
extreme particleist in any of the sciences of 
living nature would defend the proposition 
that any of the parts, even the most minute 
and supposedly potent, produce, just per se, 
the 'alivcncss of an organism. True, one 
often hears that the atoms of modern 
physics—or perhaps more exactly the elec¬ 
trons and protons, one or both,—must be 
alive. But those who express this view 
admit, of course, that this atomic life is 
quite different from the obvious life of any 
particular plant or animal. For nobody 
would seriously argue that an oak tree's 
aliveness and a man's aliveness are exactly 
the same, even though the electrons and 
protons of the two are the same. 

So it seems fair to say that there is now 
general agreement among competent stu¬ 
dents that living wholes are dependent on 
the interaction among their parts. The 
reciprocal action of the parts—their reac¬ 
tion to one another—their causal action, 
each upon each—are productive of results 


in the form of bodies and actions different 
from the parts. There is no longer any 
factual or critically logical ground for hold¬ 
ing that because a bacterium or an amoeba 
or a jelly fish or a dog or a man is alive, 
therefore the atoms of carbon, nitrogen, 
oxygen and the rest are alive and were 
alive before ever they combined to make 
these organisms. The indubitable facts 
compel the conclusion that the potentiali¬ 
ties of the atoms arc such that when they in¬ 
teract among themselves and combine to 
make large compound bodies, if the inter¬ 
action and combination occur under proper 
conditions, the potentialities of the atoms 
become actualities as the characters or 
qualities or attributes of the particular 
organisms. Even vitalists, especially if 
working biologists, would probably go 
this far in recognizing the potency of the 
parts of organisms. 

Now this modcrnly requisite conception 
of potentiality and actuality is in full ac¬ 
cord with the general tenor of the Aristo¬ 
telian teaching. 

Crucial for the interpretation of the 
phenomena is the question of the “proper 
condition*' for actualizing the potentiali¬ 
ties as indicated. And here the Aristo¬ 
telian theory, resting largely on logical 
grounds, is distinctly superior to modem 
theory, which also rests largely on logical 
grounds. 

With the superiority of the Aristotelian 
over the modem logic in the case we shall 
not here concern ourselves since we have 
touched its ganglionic center so to speak, 
under the heading “The Law of Identity.’* 
“Law of Contradiction” would probably 
have been more appropriate for the dis¬ 
cussion here referred to—if the laws of 
“formal logic” must be noticed at all in 
such discussions. But the concrete facts 
are, of course, the point: A human in¬ 
dividual in the baby stage of his develop¬ 
ment is in that stage and is not in the 
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adult stage. Otherwise stated the charac¬ 
teristics of the adult are present in the baby 
only potentially . Much shoddy thinking 
about, and worse dealing with, children 
seems to result largely from disregard of 
these psychobiological facts. Our main 
point now is concerned with fact rather 
than with logic. For we arc going to 
point to facts with which the Aristotelian 
concept of formal cause (as defined above) 
is more easily harmonizablc than the con¬ 
cept of elemental-atomic cause of present- 
day biological orthodoxy. 

NUTRITION, METABOLISM, AND THE WHOLE- 
AND-ITS-PARTS 

The chemistry of assimilation and me¬ 
tabolism in living bodies is now too well 
understood to permit any informed person 
to repeat, except as a reminiscence or a joke, 
the old epigram, 4 ‘One is what he cats. 

The facts-in-common between the basic 
processes in an organism and in a flame 
arc an explanatory commonplace of our 
day. 

Consequently, just as no ordinary mortal 
can be fooled into believing that the stick 
of wood alongside his fireplace, or the sur¬ 
rounding air arc 4 ‘essentially the same 44 as 
the flame and the warm room that wood 
and air will cause if they come together in 
the right way—even as little can such a 
mortal be fooled into believing that he or 
any of his friends are 4 ‘essentially the same 4 4 
as the food they eat, the air they breathe, 
and the water they drink. 

In connection with this allusion to the 
similarity between respiration and combus¬ 
tion further reference should be made to the 
great part played by the concepts of poten¬ 
tiality and actuality in Aristotle's thinking 
and the seemingly insignificant part these 
play in the speculative thinking of some 
modems. Of course, no “dirt farmer, 44 
or cook, or engineer, or practical chemist, 
or maker or user of explosives, or, in fact, 


anybody faced with almost any practical 
problem, gets on independently of the 
principles though he may not think much 
about them. 

If, however, we attempt to push the 
organismal conception beyond the certainty 
of the interaction of parts to produce the 
living organism, we find ourselves in 
trouble. Especially are we troubled if we 
try to push the conception with reference 
to human organisms. However, we shall 
now sec that if one singles out himself as 
the human organism on which to test the 
conception, he gets important help for the 
general problem. 

I am fully convinced that the mental and 
physical activities involved in my think¬ 
ing and writing these lines arc caused by 
the way my physical parts utilize the air I 
breathe, the food I cat, and the water I 
drink. But I am absolutely certain no 
physiologist or physicist, or chemist, or 
any combined efforts of theirs can discover 
by analyzing me exactly how my parts 
act and interact with the substances I take, 
to produce these effects. My certainty is 
thus positive for the reason that by the 
time my analyzers reach the crucial stage 
of their laboratory undertaking, J, the 
living organism now sitting at my desk, 
thinking and writing, will be dead and 
gone for several days at least. In other 
words, my analyzers will be trying to do 
one or the other (or both) of two impossible 
things: (i) Trying to observe causal proc¬ 
esses in actuality which went on and were 
ended, many days or weeks ago; or (i) 
trying to discover by deductive reasoning 
parts and substances that possess the po¬ 
tentialities for accomplishments of man 
which the analyzers know, but only from 
the records. They learn nothing about 
these accomplishments from their analyses . 
The things they are trying to do we are 
sure are impossible first and foremost from 
examining critically our own knowledge- 
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getting processes. But our assurance is 
greatly strengthened by learning that this 
impossibility was recognized more than 
two thousand years ago by Aristotle and 
has been recognized time and again since 
by competent students. 

Accordingly, being certain that, how¬ 
ever far laboratory study of the parts and 
substances of me may go in explaining my 
thinking, and my acting generally, it is 
bound to fail at the most crucial point, 
no argument, just as such—argument, 
that is, that may profess to transcend 
entirely all sense data—could convince 
me that I, myself whole, am as truly a vera 
causa of all I am and do, as are any of the 
parts of me or the substances which enter 
into my composition. After admitting, 
fully and gladly, all that analysis can prove 
that my parts and external substances con¬ 
tribute to making me what I certainly am, 
I am not fully explained until I my very 
self am recognized as also causal of me. 

At least to the extent that my thoughts 
and acts and conscious experiences differ 
from those of any other person, I see no 
causal explanation of the fact consistent 
with great masses of indubitable natural 
knowledge other than that I in my indi¬ 
vidual wholeness act through my parts to 
get from the air I breathe, the food I eat, 
and the water I drink, the energy necessary 
for producing the thoughts and acts and 
conscious experiences thus uniquely mine. 
It seems that my assimilation and metabolism 
are as specifically mine as are any of my conscious 
acts or other conscious experiences . 

But as I look around I find great num¬ 
bers of other individual organisms so like 
myself but also so differing from me and 
all other individuals, that I am obliged to 
suppose they, too, arc uniquely privileged 
in their assimilation and metabolic powers. 

Nor is this all. Extending my inventory 
of other individual organisms I notice not 
only endlessly slight (relatively) differ¬ 


ences among great numbers of individuals, 
but also endless differences that are by no 
means slight, and that are endless in kind 
and grade. For instance my inventory 
contains not only white men, black men, 
red men and so on, but fishes and trees and 
amoebae. And then I recall that by al¬ 
most endless labors men have discovered 
that, mirabile dictu , all these endless kinds 
and grades of individuals exist, grow, and 
act by taking from the world external to 
them the same few simple materials and 
using them to their own individual needs 
and ends, just as I do! 

How could any botanist or chemist or 
philosopher explain, causally, an euca¬ 
lyptus tree and an oak tree that have 
flourished for fifty years within a hundred 
yards of each other, their roots buried in 
soil that any expert would pronounce 
essentially the same and their branches, 
leaves and blossoms bathed in the very 
same air and sunshine, without including 
the two trees themselves as causal factors 
—if any such factors are recognized? 

The truth is, the thing cannot be done. 
Nor can it be seriously attempted without 
ignoring or perverting some of the most 
deep-rooted and wide-reaching principles 
of both common and technical knowledge. 
And such attempting is the sort of thing 
Aristotle characterized as the childishness 
of trying to explain the obvious by the 
unobvious. 

This problem of the way living beings, 
men particularly, use materials from ex¬ 
ternal nature is so important that we shall 
do well to look at it from still another 
angle. 

Reflect on what Mayow, Priestley, 
Scheele, Lavoisier and whoever else had a 
hand in the business, did in discovering 
oxygen. Really they did not begin by dis¬ 
covering a gas, having this name. They 
began with certain observations, that is to 
say with certain sense experiences. As they 
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worked along, these experiences became 
to them sense data, which they recognized 
as the sensible qualities, or properties of 
a certain gaseous body. What Mayow 
called fire air ( igno-aerian ) and Priestley de- 
phlogisticated air, represent this stage in 
the course of the discovery. Finally came 
Lavoisier who by adding certain quantita¬ 
tive observations to the (chiefly) qualita¬ 
tive observations of his predecessors, recog¬ 
nized the body as not really a kind of air, 
but so distinct as to deserve a name by itself. 
The word, oxygen, which he devised, was 
chosen, notice, because of what in his ex¬ 
perience, was its most characteristic prop¬ 
erty, that of generating (in combination 
with other bodies) still other, compound, 
bodies that were “sharp” to the taste and 
in their action on many bodies. The 
newly discovered body was acid-producing. 

Every step in this discovery as in every 
other that was ever made in any division 
of natural knowledge, involved basically 
sense experiences, accepted later as sense 
data, still later as sensible qualities or prop¬ 
erties of external bodies, which qualities, 
or properties are peculiar to, or charac¬ 
teristic, or definitive of the bodies. In 
other words, the observed, or sensible char¬ 
acteristics of any body are not only peculiar to 
that body , but are those things by which we 

KNOW THE BODY. 

And now comes a still more vital point. 
It is known to everyone that the history 
of the discovery of oxygen (Mayow to 
Lavoisier, about a hundred years ago), is 
involved with the basic similarity between 
respiration and combustion—between 
breathing and burning. So much a part 
of common knowledge is the dependence 
of the activities of living bodies, at least 
of all higher plants and animals, on oxy¬ 
gen, that the merest reference to it is enough 
for this discussion. 

Sec then the conclusion that the discovery 


of oxygen seems to force upon us: While 
Mayow and the others were discovering, by their 
powers of observation , the sensible properties of 
this gaseous body , they were also demonstrating 
by their powers of living that this same body 
possesses life-giving properties that are dis¬ 
coverable only by living and performing 

EXACTLY THOSE ACTS THEY DID PERFORM 

in making the discovering. (Ritter and 
Bailey, 1918, p. 150) 

The incalculably vast number of potenti¬ 
alities of oxygen which this interpretation 
requires might stagger, even mystify, us 
except for the recognition that the potenti¬ 
alities of oxygen, like those of all other 
bodies, are really non-existent for us mor¬ 
tals except as actualized by the interaction 
of the bodies with other bodies. Were 
if not for the living that was done by 
Mayow and the others, the life-giving po¬ 
tentialities of oxygen would never have 
been actualized and discovered. Nor is 
this all we know that does much toward 
saving us from being hopelessly mystified 
by our conclusions. Not only are living 
men and other organisms necessary for ac¬ 
tualizing some of the potentialities of the 
oxygen, but various familiar substances 
which constitute the food and drink of 
organisms are necessary. Carbon and ni¬ 
trogen are particularly in evidence as such 
necessities. The truth is, the entire mass 
of knowledge possessed by us moderns is 
available as aids to making such a concep¬ 
tion of oxygen (and all the other chemical 
elements upon-which life depends) intelli¬ 
gible to us. It is intelligible to us because 
it is the reasoned counterpart of our experi¬ 
ence as living organisms. 

If we desire to think the problem or the 
basis of some theory of cause, we ought 
to find, it would seem, genuine satisfaction 
in the concept of multiple cause. For 
here many supporting facts from modern 
science are available, as well as the fact 
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that the idea is recognizable in the history 
of knowledge and thought as far back as 
Aristotle at least. 

One may justifiably wonder, it seems to me, whether 
the bewildering discoveries being made by physics 
and chemistry in our day on atomic structure and ac¬ 
tion may not mean that sensory knowledge is not now 
touching the hem, so to speak, of the garment that 
has been and is the common experience of all living 
things. 

THE “will" AND THE WHOLB-AND-ITS-PARTS 

From the light one may gain on the 
general problem of a whole-and-its-parts 
by studying himself as a chemical trans¬ 
former so to speak, and then by asserting 
his “natural rights" as such a transformer, 
I am encouraged to take a still farther step 
in the same direction. 

The aspect of myself to which I now turn 
is that of my wanting things, resolving to 
try for them, and finally actually carrying 
out the resolution as far as possible. 

All this is so obviously at bottom an af¬ 
fair of my very own that no one would, I 
presume, venture to interfere with me much. 
If, however, I set up the contention that 
the S T" is myself whole, is I, Body-and- 
Soul , Mind-and-matter , all an inseparable 
One , I am pretty sure to be reminded that 
the interpretation almost universally ac¬ 
cepted in such cases is very different from 
that I suggest. True, it would probably 
be granted, that my wanting and the rest 
are undoubtedly mine, “But," my correc¬ 
tors are quite sure to remind me, “it is your 
will and its adjuncts that really wants, 
resolves, and executes. Of course this is 
largely dependent on your body parts, 
especially when the executing stage is 
reached. But so well-nigh universal has 
been, and still is, the idea that human 
experiences of the sort you mention are 
the expression of something or other not 
closely dependent, at least not dependent 
in a fashion that is analytically demon¬ 


strable, on your body parts and substances, 
it seems the view must have a solid basis of 
truth and so should be retained. Further¬ 
more, since the term, Will, appears to be 
as good a name as any for this analytically 
undemonstrable something, that, too, 
may as well be retained with its original 
meaning." 

So here we are, quite innocent of intent 
or even of preawareness, face to face with 
the interminable problem of the will. 
But since the path that has led us to it is 
clearly marked though not much traveled, 
we can not honorably avoid facing the 
problem squarely. And here again I must 
intrude my personal experiences. 

Being a hopeless addict to the habit of 
reading in bed at night when by well es¬ 
tablished laws of health I should be asleep, 
I suddenly find myself wanting an orange. 
Knowing that there is a bag of this fruit in 
the adjoining room, I decide that as soon 
as I have finished the chapter I am now 
reading (“Reflex Action and Theism" in 
Wm. James’ The Will to Believe) I will go 
and gratify my want (want of being nour¬ 
ished and of having certain other felt needs 
satisfied). The end of the chapter having 
been reached, I close the book, lay it aside, 
throw back the bed covers, get out of bed, 
go to the orange-containing room, reach 
into the bag, bring out an orange, carry it 
to a table, open a drawer which I know 
contains the tools convenient for preparing 
the fruit to be eaten, and so complete the 
preparation for gratifying (satisfying?) the 
wants now upon me. 

Then I go back to bed and think about 
what I have done. 

Two points connected with my doings 
seem deserving of special attention. I 
notice that had I supplemented all the 
pronouns referring to myself—"I," “me," 
“my"—by such nouns as mind, memory, 
thought, desire, satisfaction, I should not 
thereby have increased by one iota my un- 
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demanding, my achieving, or my sense of 
benefiting. If I say I have a desire or feel a 
need for an orange or anything else, I surely 
mean no more than if I say I desire or need 
the thing. Whenever I speak of a thought 
or a conception as “entering my mind” I 
am only saying in a round-about way that 
I think or that I conceive, so and so. The 
purposes in making our activities into 
abstract nouns seem various and are often 
far from obvious. There is one purpose, 
however, that is clear enough, in general: 
It is a convenient way of shunting into the 
background the puzzling question of ex¬ 
actly why and how one acts as he docs. 
When I can say “my choice is made,” I 
have a feeling of unequivoealness, of final¬ 
ity, about what I have done, that is more 
satisfying than if I say “I have chosen.” 
In the latter case I feel somewhat more 
inclined, perhaps impelled, to explain,* to 
analyze, what I have done. 

Since these sentences were written it is with very 
great satisfaction that I have read the just-published 
book (Korzybski, 1933) in which the whole subject 
of the use of generalized and abstract words is given 
the most thoroughgoing treatment it has ever re¬ 
ceived, so far as I know. 

Notice with me now what I do when I 
decide upon a particular course of action 
and then really act in accordance with that 
decision. When I decide in conformity 
with my wanting an orange, to go, at a 
specified future time, and do the things I 
believe will satisfy my wants, the question 
of what and how many parts of me arc 
involved in making the decision, is surely 
a very complex, and at some points, obscure 
question. Thanks, however, to the splen¬ 
did researches of modem psychologists, 
physiologists, histologists, and biochem¬ 
ists, I have, or may have, much of the an¬ 
swer to the question. But not an item in 
all this knowledge will have any meaning 
for the special case in hand, without m, a 
living organism, as the field of operation. 


But it is when I put the decision-making 
aspect of me to the test of my executing 
aspects that many of my most concrete, 
most conspicuous parts, prove their r 61 e in 
the case. Throwing back bed covers, get¬ 
ting out of bed, walking to the next room, 
and all the rest—the body members in¬ 
volved no five-year-old will hesitate to 
name. Nor will anybody of down-right 
intellectual honesty refuse to grant my 
contention that they—hands and feet, for 
instance—arc truly mine and that I truly 
do move them. Furthermore, some of 
my less familiar, though no less certain 
internal members no one would think of 
ignoring or of questioning my ownership 
of—nor the fact of my using them. But 
when the question is raised of what, ex¬ 
actly, all these internal parts are and how 
many there are of them, some of the diffi¬ 
culties in the way of getting direct obser¬ 
vational answers arc undoubtedly very 
great. My chromosomes and genes, for 
instance,—not to speak of my atoms, elec¬ 
trons and protons,—how am I to learn 
their part in the business? Accordingly 
the expert analysts might proceed, typically 
and legitimately, to give hypothetical an¬ 
swers, answers, that is (if really legitimate) 
intended to be provisional only. And 
“provisional” would have the two-fold 
reference of making the answer that would 
seem most likely to be true, and of aiding 
further effort toward the real, i.c., the ob- 
scrvationally based, answer. 

Notice now what my own attitude and 
view must be in all this. So far as my 
experiences, whether conscious or uncon¬ 
scious, were concerned, the observational 
distinctness or indistinctness of the parts 
involved, is not of the slightest moment. 
My desire for an orange, my decision to. go 
after one, and my actual going, getting, 
and eating it, might have been as truly por¬ 
tions of my conscious experience when I 
was a five-year-old as when I was a seventy- 
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fivc-ycar-old. Such objective knowledge of 
my parts and their activities involved as I 
have gained by hook or crook, has not cut 
the least figure in the experiences them¬ 
selves. Nor does it matter a scintilla, so 
far as my conscious experience is concerned, 
that the parts of me by which I want an 
orange defy the analyst’s efforts at complete 
discovery. Such parts serve me just as 
certainly and readily as do such crass parts 
as hands, feet, and mouth. 

Well, I ask myself, have I real ground 
for supposing that any desiring, deciding, 
resolving, and executing I may do in any 
realm or at any level, are teetotally dif¬ 
ferent from my doings in the realm of 
orange eating? 

True enough, my wantings, decidings, 
resolvings, and executings, involved in, 
for example, the part I took in producing 
the Scripps Institution of Oceanography, 
were remarkably different from those 
in the citrus example. But, really, so 
far as I can see, the difference concerned 
goal and operative details rather than basic 
facts. My act, or state, of wanting, just 
per se y appears to have been the same in the 
two cases. To want an institution for the 
purpose of the satisfactions that knowing 
the Pacific Ocean and its living inhabitants 
might bring—wherein does the wanting 
qua wanting differ from wanting an orange 
for the purpose of the satisfactions that 
eating it might bring? As right now I 
ransack my memory in connection with 
the two scries of experiences, it seems to 
me literally true that the half-hour series 
connected with the orange was in essence 
a fair epitome of the two-decade series 
connected with the Institution. That 
the decisions, the executive efforts, and the 
satisfactions and dissatisfactions differed 
quantitatively immeasurably in the two 
series is too obvious to need asserting. 
As to qualitative difference—well probably, 
there was some, especially in the matter of 


satisfactions. There is, it seems to me, a 
difference between a physical satisfaction 
(nutritional for instance) and a psychical 
satisfaction (discovery of truth for in¬ 
stance), that is fundamentally qualitative. 
Perhaps the difference here involves the 
very essence of quality as does the difference 
between the different senses—sight and 
sound—for example. 

But really what seems to me the deepest 
difference in the two series of experiences 
concerns satisfaction as contrasted with 
dissatisfaction. If my orange case had had 
in it (as it did not have) the element of 
obstacles to be met and entire or partial 
defeats to endure, as, of course, the Insti¬ 
tution scries had, the epitome of the latter 
by the former would have been more 
nearly exact. For instance had my wanting 
involved the getting of a whole meal 
instead of an orange; and had the getting 
of the meal depended largely on my own 
decisions and executive efforts, with my 
serious culinary limitations, the epitome 
would have been all that could reasonably 
be expected of an epitome. Nor would 
the case have been fundamentally different, 
so far as I can see, had what I wanted been 
a fortune, a woman’s hand in marriage, 
the production of the greatest scientific 
discovery ever made, the greatest poem 
ever written, or the greatest social or 
governmental reform ever needed. 

It will never do to let the views here expressed 
appear as though wholly isolablc from certairt other 
views. Of these “other views,” particularly to be 
mentioned is that as to how wanting, the first member 
of the series, comes to be; and that as to how the actual 
acts, the last members of the series, accomplish the 
satisfaction at which the whole series aims. But 
while it would not do to leave this matter untouched, 
thus leaving the reader unaware (so far as this text is 
concerned) of its existence, the presentation of these 
“other views” would involve problems with which 
the present discussion is not concerned. It would 
be out of place here. And we must not permit any¬ 
thing to divert our attention from the main task in 
hand—that of discovering, if possible, how far the 
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interpretation that seemingly must be given entelecheia 
is applicable to man. 

On the basis of a lifetime of conscious 
experiences of which the two here noticed 
are samples, and of the superposition upon 
these of much objective knowledge, I 
seem justified in defining what most author¬ 
ities would call my Will as follows: The 
word\ "Will" is a highly generalized noun 
or name for what /, a living whole , cause my 
parts to do toward securing what I believe will 
be good for me . 

Such a definition is likely to strike many persons as 
too shockingly absurd to merit a minute’s attention. 
Nevertheless, I submit it with confidence that after a 
while it will be recognized as meriting much attention. 
One thing that contributes to my confidence is purely 
historical. A glance at the index of any good work 
on the history of philosophy suffices to discover that 
a theory, or doctrine of some sort, of the will has been 
near the center of the chief systems of philosophy from 
Augustine to Nietzsche and Bergson. 

Now I submit that no one half awake to the mod¬ 
ern spirit of science and philosophy could presume 
for a minute that a theory of the will which did not 
involve a sound theory of mental life could be even 
approximately true or moderately useful. 

Accordingly the treatment of the will by psycholo¬ 
gists since psychology has claimed its independence 
of traditional philosophy and its alliance with the 
natural sciences seems highly significant. 

To go into this subject as extensively as even I, a 
non-professional in either philosophy or psychology 
might go, would be unjustifiable. But a few speci¬ 
ally relevant points can be easily indicated. On the 
evidence of the long chapter, “Will,” in James* The 
Principles of Psychology we know that this psycholo¬ 
gist had no misgivings (in theory at least) about the 
will's being a subdivision of the mind and thus a sub¬ 
ject to be treated first and foremost by psychologists. 
This comes to particularly sharp expression in the 
essay, Keflex Action and Theism: “From its first dawn 
to its highest actual attainment, we find that the cog¬ 
nitive faculty, where it appears to exist at all, appears 
but as one element in an organic mental whole, and as 
a minister to higher mental powers—the powers of the 
will.** (James, 1897, p. 140) This from James, the 
professional psychologist, when upon occasion he 
turned philosopher. Rather curiously, when upon oc¬ 
casion Royce, the professional philosopher, turned 
psychologist, he saw Will in a different light: “The 
word 4 Will* is of little use,” we read, ”as a purely 


psychological term, in the classification of mental 
life.” (Royce, 1908, p. 334) 

The main point of this, for us, is that, “Will” as 
Royce sees it, refers * 'to the whole significance of our con¬ 
scious life" (italics original). This was one philoso¬ 
pher’s way of saying that our decisions and actions 
are what they arc because of our relation to our en¬ 
vironment, or the world. 

These views seem distinctly anticipatory of such 
other up-to-date views as that “Will is not precisely a 
psychological term, anyway, but is a term of common 
speech which need not refer to any psychological unit. 
(Woodworth, 1911, p. 513) 

What looks to me like a more positive trend toward 
the conception of will I have formulated is the inclu¬ 
sion of it in a set of terms for “aspects of the total 
activity of the organism.” (Gates, 192.5, p. 463) 
And indicative of psychology’s still further advance 
in this direction is the fact that some of the most up-to- 
the-minute schools appear to make no use whatever of 
the term "will.” I venture to suggest that the farthest 
point yet reached by psychology on the road to such 
a conception of the activities of a living whole-and- 
its-parts as I am proposing, is the “behavior qua 
molar,” set forth particularly by Tolman (1931). 

It seems improbable that "molar” used thus 
would refer without important qualification to an 
individual animal (a man for instance) acting as a 
living corporeal whole. The molarity appears to 
connote mass as activity merely rather than mass as 
activity together with the acting body and all its 
parts. Nevertheless the conception comes so much 
nearer the true nature of living animals than does the 
conception of "behavior qua molecular” with which 
it is contrasted, that it may well be hailed by natural 
history as a great forward step for “pure psychology” 
to take. 

We return for a moment now to the quotation from 
Gates about the activity of the organism. Shift the 
word “total” and make it modify “organism” in¬ 
stead of “activity” and the phrase would be readily 
interprctable in conformity with my definition of 
“will.” For “total organism” would really have to 
mean, from the meaning of the whole phrase, what 
“living whole” means in my definition. Indeed there 
is little doubt that “total activity” of Gates’s phrase 
implies the same thing. And in either case there 
would be implied, almost certainly, Aristotle’s con¬ 
ception of energeia as applied to living beings, the 
actual organism acting as a whole. But it should 
be noted that the concept of entelecheia seems not to be 
implied. 

Ridiculously brief is the sketch presented 
above of a human individual acting in two 
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particular cases, one at a rather low, the 
other at a rather high, level of his normal 
conscious existence. But I venture to hope 
the sketch may go far toward clarifying the 
conception that in both these cases or any 
other conceivable real case the individual, 
whole, that is to say, the individual con¬ 
sisting of all its parts acting in complete 
unification, was the main Factor, or Cause, 
or Principle—name it to suit yourself. 

As a precaution against misunderstanding here I 
remark that the conclusion stated is not at all concerned 
with questions of relative excellence or greatness, or 
the reverse of these, of individuals. Rather, the con¬ 
cern is with the real nature of any and every typical 
human individual—with the question of what any and 
every typical human individual really is. 

PROCREATION, SEXUAL PLEASURE, AND THE 
WHOLE-AND-ITS-PARTS 

Wc pass now to a very different aspect 
of the central aim of this essay. That aim 
is, wc never forget, the question of the 
relation of Aristotle’s conception of “com¬ 
plete reality” ( 'entelecheia ) to the concep¬ 
tion of a wholc-and-its-parts as applied 
particularly to the human individual, the 
conception being viewed in the light of 
modem knowledge. 

Mindful as wc arc of Aristotle’s great 
respect for, and attention to, the phenom¬ 
ena of genesis, our previous notice of a 
favorite refrain of his about the begetting 
of men by men is convenient for connecting 
what wc arc now to present with what we 
presented earlier. It would be useless to 
try to understand Aristotle’s attitude (as 
distinguished from his knowledge) relative 
to the problem of a man as a “complete 
reality” without considering his attitude 
(again as distinguished from his knowl¬ 
edge) qua man as a potential begetter of 
children. 

In passing to this aspect of the subject 
we come upon defects in Aristotle’s gen¬ 
eral system that are serious and by no 
means all pardonable, so far as I can see, 


on the ground of meager factual knowl¬ 
edge. The defects are in considerable mea¬ 
sure due either to deliberate neglect or to 
faulty reasoning. Hicks* reference to this 
is brief and explicit. We read: Aristotle 
“exalted the cognitive element, while his 
treatment of the emotions and the will is 
wholly inadequate, even if the Ethics and 
the Rhetoric be called in to redress the bal¬ 
ance” (Hicks, 1907, Introduction, p. lxxii). 

We focus on the defects that are particu¬ 
larly relevant to this discussion. Aristotle 
was not, of course, blind cither as a man or 
as a scientist and philosopher to the emo¬ 
tions and passions of sex. We know this 
about him as a man from the biographic 
record of his marriage, his devotion to h s 
wife, and his being a father. And we know 
he gave real attention to the subject as 
scientist and philosopher from various 
things in his writings. Take this example: 

"Thus there is one single moving cause, the appe¬ 
titive faculty. For, had there been two, intelligence 
[nous] and appetency, which moved to action, still 
they would have done so in virtue of some character 
common to both. But, as a matter of fact, intellect 
is not found to cause motion apart from the appetency. 
For rational wish is appetency: and, when anyone is 
moved in accordance with reason, he is also moved 
according to rational wish. But appetency may move 
a man in opposition to reason, for concupiscence is a 
species of appetency." (De Anima 433b x-5, Hicks 
trans.). Although the work, eptbymia, here rendered 
concupiscence, does not mean sexual lust exclusively, 
this meaning along with others seems undoubtedly 
to have been part of Aristotle’s meaning. Such dis¬ 
cussions as that on continence and incontinence in 
Book VII of the Nicomacbean Ethics leave no room for 
question on the point. 

Yet curiously enough in the elaborate 
and on the whole movingly admirable 
discussions of “Love or Friendship” and of 
4 ‘Pleasure’ * in the Ethics , we find scarcely a 
hint of the amorous element in the relation 
between a man and a woman! It is hard 
to see that there was any ground for Aris¬ 
totle’s formal teachings about women 
(about their being impotent men, being 
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classifiable with children and slaves and so 
otf) other than the prevalent teachings of 
his age and country. 

Really were it not for what the man 
gives us when he speaks as an unsophisti¬ 
cated zoologist, we might suppose he was 
too much of a Puritan or highbrow of 
something to discuss or even think much 
on the most domineering aspect of sex life. 

After this was written I was glad to have my at¬ 
tention called to the fact that a few professional ethic- 
ists of today refuse to accept the traditional separation 
of reason and feeling. For example we read: “By en¬ 
joyment' we are meaning all the while a mental fact, 
conscious appropriation." (Fite, 1915, p. 2.12.) 

Fortunately, some of the things Aristotle 
says in the zoological works are sufficiently 
specific and are significant for our problem 
since they touch upon the climax of the 
sexual emotion. As would be expected, 
the most important of these are in The Gen¬ 
eration of Animals. In his devastating crit¬ 
icisms of the theory attributed to Hippoc¬ 
rates that the semen comes from all parts 
of the body, the first of the four arguments 
in support of this Aristotle says is : *‘First, 
the intensity of the pleasure of coition; for 
the same state of feeling is more pleasant 
if multiplied, and that which affects all the 
parts is multiplied as compared with that 
which affects only one or a few." QDe Gen. 
72.i b 15, Platt trans.). What specially 
concerns us is the explanation offered of 
the pleasure of copulation. Aristotle’s 
reasoning against the theory proposed as to 
the source of the semen, important as it is, 
concerns us only indirectly now. That 
aspect of the problem we noticed suffi¬ 
ciently in the first part of this essay. 

Obvious, is it not, that the explanation 
proposed of the extent of the pleasure would 
tally very well with the conception we 
are defending of the wholc-and-its-parts? 
What, if anything, then, we naturally ask, 
has Aristotle to say touching this aspect 
of the problem? Unfortunately what he 


says is brief and only inferential. Yet the 
inference seems unescapable. "As to the 
vehemence of the pleasure in sexual inter¬ 
course," we read, "it is not because the 
semen comes from all the body, but be¬ 
cause there is a strong friction (wherefore 
if this intercourse is often repeated the 
pleasure is diminished in the persons con¬ 
cerned)." (De Gen. 7i3 b 35) 

Clear enough, then, is the recognition 
that the pleasure needs a causal explana¬ 
tion of some sort. So here it is: "And as 
to the pleasure which accompanies coition, 
it is due to emision not only of semen but 
also of a spiritus, the coming together of 
which precedes the emission." (De Gen. 
72.8* 10) 

There you have it! Pneuma , that which 
imagination may make of the air essential 
to life, of the Zephyrs that stir the leaves, 
and of the tempests that lash great bodies 
of water into fury. What an amazing con¬ 
venience for sophisticated thinking in the 
absence of factual knowledge! 

Our only interest (except historic) in it 
is as to how the human organism would 
have to be involved to make the theory of 
sexual pleasure held by Aristotle consistent 
with his factual and theoretical knowledge 
as a whole. 

The wording of the last quotation docs 
not indicate that the author conceived the 
pleasure to be due to the involvement of 
the whole body with the spiritus. But 
even so when we have to do with such un¬ 
certainty as that of how pneuma transforms 
into spiritus, vagueness even to vagary of 
almost any sort, may be expected. 

aristotlb’s theory of reason and of 

PLEASURE IRRECONCILABLE WITH 
ENTELECHEIA 

The question of how pneuma as he con¬ 
ceived it on the whole, we might examine 
at any length. But the futility of doing 
so, however well the task might be done, 
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is apparent once we remember that we arc 
not much concerned with Aristotle’s con¬ 
ceptions and teachings, per se. Our concern 
is with their validity as tested by modern 
knowledge. For such testing Aristotle 
has himself prepared the ground in this 
case. 

His recognition that there is no sharp 
dividing line between reason and emotion 
we have already noticed. ‘ ‘Intellect, * * we 
have heard him say, “is not found to cause 
motion apart from appetency. For ra¬ 
tional wish is appetency; and, when any¬ 
one is moved in accordance with reason, 
he is also moved according to rational wish. 
But appetency may move a man in opposi¬ 
tion to reason, for concupiscence is a spe¬ 
cies of appetency.” Put this from the De 
Anima, a biological treatise dealing pri¬ 
marily with mental phenomena, alongside 
the quotation given above from the De Gen - 
eratoine , a treatise dealing primarily with 
reproductive phenomena, and notice what 
you have. The vital and familiar truth 
is presented in a somewhat round-about 
way that however exaltedly endowed with 
reason man may be he is yet driven at times 
with sexual desire. 

So Aristotle almost forces us to ask 
whether the whole man as thus clearly indi¬ 
cated corresponds with his own more fully 
elaborated conception of man. Another, 
and for this discussion, more relevant way 
of asking the same question is: Is Aris¬ 
totle’s conception of man as unmistakably 
indicated in his zoological works (the De 
Generatoine and the De Anima particularly) 
the same, fundamentally, as that presented 
in his philosophical works (the Ethics 
and the Metaphysics particularly)? Fi¬ 
nally, and still more to the point, we may 
ask the question thus: Is Aristotle’s term 
entelecheia applicable to man as his concep¬ 
tion of man stands in its most philosophi¬ 
cal (metaphysical?) form? 

Categorical answers to the last two forms 


of the question I believe must be: (i) 
Aristotle’s conception of man contained in 
his traditionally philosophical works is 
irreconcilable in several ways with that 
contained in his traditionally biological 
works; (i) Not only is his concept of 4 ‘Com¬ 
plete reality” (entelecheia) inapplicable to 
his philosophical (metaphysical) concep¬ 
tion of man, but he himself probably felt 
this as he seems not to have applied the 
term at certain crucial points in his “first 
philosophy” of man. 

A justification if possible of these an¬ 
swers is manifestly due from me The prob¬ 
lem is necessarily involved in Aristotle’s 
general theory of the psyche, or soul. So 
well known is his teaching concerning the 
separateness or at least separableness of 
reason, or the rational part of the soul, from 
the body that extensive treatment of the 
subject may be disposed of very briefly. 

The following may be considered to pre¬ 
sent the kernel of his teaching on this great 
subject: 

Turning now to the part of the soul with which 
the soul knows and thinks (whether this is separable 
from others in definition only, or spatially as well) we 
have to inquire (i) what differentiates this part, and 
(O how thinking can take place. 

If thinking is like perceiving, it must be either a 
process in which the soul is acted upon by what is 
capable of being thought, or a process different from 
but analogous to that. The thinking part of the soul 
must therefore be, while impassible, capable of receiv¬ 
ing the form of an object; that is, must be potentially 
identical in character with its object without being 
the object. Mind must be related to what is think¬ 
able, as sense is to what is sensible. 

Therefore, since everything is a possible object of 
thought, mind in order, as Anaxagoras says, to domi¬ 
nate, that is, to know, must be pure from all mixture; 
for the cG-prcscnce of what is alien to its nature is a 
hindrance and a block: it follows that it too, like the 
sensitive part, can have no nature of its own, other 
than that of having a certain capacity. Thus that in 
the soul which is called mind (by mind I mean that 
whereby the soul thinks and judges) is, before it 
thinks, not actually any real thing. For this reason 
it cannot reasonably be regarded as blended with the 
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body: if so, it would acquire some quality, e.g., 
warmth or cold, or even have an organ like the sensi¬ 
tive faculty: as it is, it has none. It was a good idea 
to call the soul “the place of forms,” though (1) this 
description holds only for the intellective soul, and 
(z)even this is the forms only potentially, not actually 
(Dt Anima 42.9* 10-18, Smith Trans.). 

Probably no reader will need reminding 
that modern knowledge of the functions 
of the brain leaves the statement that 
thinking has no organ without a trace of 
fact to rest on. Nor will many readers 
fail to recognize in the statement about 
the soul as the “place of forms” one in¬ 
stance of Aristotle’s seeming adherence to 
Plato’s doctrine of Ideas. 

Still more pointed about reason’s inde¬ 
pendence is: “While the faculty of sensa¬ 
tion is dependent upon the body, mind is 
separable from it.” (42_9 b 4) 

-As a rcvcalcr of what Aristotle knew and what he 
did not know about the psychobiology of man, and 
of his reasoning on the subject, these arc crucial 
passages. The striking deficiency in his knowledge 
was of course anatomical and physiological: He knew 
nothing of the fact that brain is indispensable to 
thought. One might make considerable of the fact 
that in his comparison of perceiving with thinking 
Aristotle varies his language somewhat. While sen¬ 
sation is “dependent” on the body, mind is “separ¬ 
able” from it. Docs this suggest that after all he had 
some misgivings about the complete lack of dependence 
of thinking on the body? May he not have surmised 
that as to its origin mind has some kind of dependence 
on the body while in its functional maturity it may not 
be thus dependent? Might not the mind's dependence 
on the body be something like an apple's dependence 
on the tree—dependent for origin but not for later 
existence and function? With all Aristotle knew 
about the generation and nutrition of animals and 
other living things it seems incredible that he should 
not have had some qualms about the separableness of 
reason from the body. So extensively and insistently 
does he present his conception of the nutritive and sen¬ 
sitive parts of the soul that I assume my readers suffi¬ 
ciently acquainted with this phase of the matter to 
obviate the need of going into it further. It will be 
enough, I hope, to assert and nothing more, that he 
never even suggests that these two parts of the soul 
are separable from the body. The rational, the think¬ 
ing, part only be conceived to be separable. But how 


could he make this tally with what he knew and tells 
us so distinctly (as quoted above) about the way 
reason and appetency are tied up together? 

But what specially concerns us is the 
bearing of Aristotle’s belief in the separ- 
ablcness of mind from body on his concep¬ 
tion of entelecheia . Can we get any light 
on this matter from studying the passages 
on separableness quoted above? They 
contain three points that arc illuminating 
in this way. 

The first is contained in the inquiry about 
the separableness of the soul. If we turn 
from the Smith translation (used in our 
quotation) to the translation used by Ross 
in his Selections , we find a difference that 
appears significant to a morphological 
biologist. The wording in the Ross ver¬ 
sion is: “With regard to the part of the 
soul by which it knows and thinks, whe¬ 
ther this be separable or not separable in 
spatial magnitude but only in definition,” 
etc. The point at issue is between the 
“spatially as well” of the scparablencss 
in the Smith translation and the “spatial 
magnitude” of the separablcness in the Ross 
translation. Megethos is the term in the 
original which is rendered “spatially” 
in the Smith version, and “spatial mag¬ 
nitude” in the Ross version. Now since 
megethos means bulk or size, and hence 
implies shape, it is considerably more pos¬ 
itive as to corporeality than is “spatially.” 
This distinction is particularly significant 
because space has no objective reality for 
extreme idealistic philosophers, and ap¬ 
pears to be in somewhat the same predica¬ 
ment at the hands of some present-day 
mathematical physicists. Viewed in this 
light the query is pertinent: Was not 
Aristotle virtually asking whether the 
thinking part of the soul together with a 
fart of the body is separable from the rest 
of the body? This would seem in accord 
with his usual naturalistic attitude. So 
no wonder the man was puzzled—as we 
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know he was from passages like this: 
“Hence arises a question of the greatest 
difficulty, which we must strive to solve 
to the best of our ability and as far as 
possible. When and how and whence is 
a share in reason acquired by those animals 
that participate in this principle?” ( [De. 
Gtn. 7}6 b 5). 

The second point to be noticed touches 
the question from a different angle. Fol¬ 
lowing the statement about the necessity 
for the mind's purity from admixture we 
read: 44 . ... it [mind] too, like the sen¬ 
sitive part, can have no nature of its own, 
other than that of having a certain ca¬ 
pacity.** 

That the thinking and the sensitive 
parts of the soul can “have no nature” 
of their own other than a certain capacity, 
or potentiality, is surely at odds with our 
modem knowledge of capacity, as we have 
seen in previous discussions. Nothing has 
just capacity alone. It is besides an entity 
in its own self. Explosives, for instance, 
and seeds, have natures of their own in 
addition to their capacities as explosives 
and as producers of full-fledged plants. 
So this makes it impossible to accept the 
statement as a valid argument. 

But the weightier reason for calling 
attention to the point here is that it is not 
fully consistent with Aristotle’s own gen¬ 
eral attitude toward nature, nor with some 
of his specific statements. Thus his re¬ 
peatedly expressed view that a thing's 
nature consists in its matter, or substance, 
and its form, or final actualization, and 
also in the movements or changes by which 
it passes from one to the other, is entirely 
consistent with our present knowledge, 
but not with such a view as that here 
expressed. Take for instance his final, 
summed-up statement about nature in the 
chapter devoted to that subject in the 
lexical book of the Metaphysics: 


From what has been said, then, it is plain that 
nature in the primary and strict sense is the essence 
of things which have in themselves, as such, a source 
of movement; for the matter is called the nature be¬ 
cause it is-qualified to receive this, and processes of be¬ 
coming and growing are called nature because they 
are movements proceeding from this. And nature in 
this sense is the source of the movement of natural 
objects, being present in them somehow, either po¬ 
tentially or actually. (1015* 10-15, Ross trans.). 

As a general statement this would seem 
to cover satisfactorily present-day infor¬ 
mation concerning the brain as an organ 
of thought. 

The “somehow, either potentially or 
actually” of the fact that thought is pres¬ 
ent as a “natural object” in the brain 
would probably be satisfactory as a gen¬ 
eral statement to modern neurologists. 

The third point which we notice in¬ 
volves directly the question about the bear¬ 
ing of the statements under examination 
on the problem of entelecheia. The essence 
of the point is in the statement (sup¬ 
posedly referring to Plato) about the soul’s 
being 44 the place of forms.” Directly 
following this, Aristotle adds his own 
limitation upon it: '‘though (1) this de¬ 
scription holds only of the intellective 
soul, and (1) even this is the forms only 
potentially, not actually.” The crux of 
the matter is that entelecheia is the term 
rendered “actually” in the translation. 
The original phrase is worth quoting: 
oOre cyreXcxela &XX& dvv&ne t ra eldrj. “Not 
entelecheia , however, but dynamis is [the 
form or idea].’* That is to say, the 
intellective soul being unmixed with 
body does not come under the concept 
of entelecheia because entelecheia includes 
both potentiality ( dynamis ) and actuality 
(energeia). In other words on the basis 
of what we arc here given, it appears 
that Aristotle recognized that in conceiv¬ 
ing the intellective part of the soul as 
separable from the body, he was placing 
it outside his concept of entelecheia . 
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Thus we have at the highest level of 
man*$ nature what is seemingly another 
piece of evidence that in Aristotle’s real 
purpose entelecheia was fundamentally a 
descriptive term for his natural science and 
hence was excluded from the highest 
flights, so to speak, of his “first philoso¬ 
phy.” And are we not justified in con¬ 
cluding that the crucial statements under 
examination contain irreconcilable if not 
contradictory views and that these are 
largely if not wholly traceable to the 
author’s complete ignorance of the func¬ 
tions of the brain and nervous system? 

While such a conclusion does not con¬ 
stitute final proof that had Aristotle 
known the function of the brain, of the 
cerebral cortex especially, he would not 
have believed in the separableness of the 
intellective part of the soul, it does show 
that he had advanced so far toward a 
wholeness, or unified theory of man that 
he could not depart from his general di 
rection without contradicting himself. 
This reference to the idea that entelecheia 
would be applicable to man in the whole 
gamut of his individual life only by in¬ 
cluding its potentialities as well as its 
actualities (which, note, it does not in¬ 
clude according to the statement under 
examination), is a point at which we 
may conveniently resume the examination 
of Aristotle’s teaching concerning the 
appetativc faculty of the soul as this 
manifests itself in the sexual mode of 
reproduction. This resumption is neces¬ 
sary to enable us to sec still further what 
appears to be implied concerning a human 
being’s wholeness in his teaching about 
sexual pleasure. 

RELATION BETWEEN PLEASURE AND SENSA¬ 
TION—ANCIENT AND MODERN VIEWS 

In resuming this examination we note 
first Aristotle’s conception of pleasure. 
The phase of the conception that is spe¬ 


cially relevant to the point in hand is 
stated, more or less clearly in various con¬ 
nections, perhaps nowhere more so than in 
the following: “Where there is sensation, 
there is also pleasure and pain, and, where 
these, necessarily also desire” (De An. 41 j b 
20. Smith trans.). The main point here is 
that sensation is always accompanied by 
pleasure or pain. And this clearly means 
(from what we have already learned) that 
the sensitive soul at least is always experi¬ 
encing pleasure or pain. Satisfaction or 
dissatisfaction would probably come nearer 
to Aristotle’s meaning. What immediately 
follows the passage just quoted, though 
bearing only indirectly on the main point, 
is important: “We have no evidence as 
yet about mind or the power to think; it 
seems to be a widely different kind of soul, 
differing as what is eternal from what is 
perishable; it alone is capable of existence 
in isolation from all other psychic powers.” 
For us the most significant thing about 
this passage is the unmistakable evidence 
it furnishes of Aristotle’s uncertainty as 
to whether the intellective part of the 
soul is or is not linked with the other 
parts—the nutritive, sensitive, and loco¬ 
motive parts. 

In the light of what the anatomy, his¬ 
tology, and physiology of the neuromus¬ 
cular system and especially of the cerebral 
cortex, have taught us, Aristotle's uncer¬ 
tainty about the connection of the “mind 
or power to think,” with sensation is only 
of antiquarian interest. 

But what about the relation of sensation 
to pleasure and pain? Do we know for a 
certainty that “where there is sensation 
there is also pleasure and pain?” Still 
more, do we know that where there is 
pleasure or pain there is also sensation? 

I fail to find anything in any of the 
works that seems to be an effort at a direct 
answer to these questions. But it matters 
little whether Aristotle made such an 
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effort or not, for we are sure he could 
not have made much real headway in it. 
The whole factual realm most directly 
involved is that of the minute structure and 
function of the sensory and motor nerve 
terminals, the details of stimulus and re¬ 
sponse, and so on. 

But I believe that if we study his utter¬ 
ances about pleasure in the various works, 
particularly the long discussion of it in 
the Nicomachean Ethics , beginning the study 
with what he gives in the History of 
Animals , we may recognize that he laid 
the foundation for a conception of pleasure 
upon which a sound modern conception 
can be erected. The passage in the History 
specially referred to is: 

The life of animals, then, may be divided into two 
acts—procreation and feeding; for on these two acts all 
their interests and life concentrate. Their food de¬ 
pends chiefly on the substances of which they are 
severally constituted; for the source of their growth in 
all cases will be this substance. And whatsoever is 
in conformity with nature is pleasant, and all animals 
pursue pleasure in keeping with their nature'. (589* 5, 
Thompson trans.). 

A student approaching Aristotle in the 
more usual way, namely, from the side of 
formal philosophy, is likely to question 
whether in such a statement the author 
really includes man with animals. Does 
he in very truth mean, for instance, that 
all man’s “interests and life concentrate” 
on “procreation and feeding?” 

We know well, from the Ethics partic 
larly, that Aristotle was about as far as any 
philosopher or religionist, or any humanist 
of whatever school ever was, from view¬ 
ing man as a “beast of the field” in the 
degradative sense often attached to that 
phrase. But from the context of this 
passage, it is impossible to avoid (if we 
wanted to) recognizing that man was here 
included in Aristotle’s thinking as defi¬ 
nitely and certainly as was any other 
animal, The passage is in the eighth book 


of the History , which may, I think, be 
fairly regarded as near the high-water 
mark of Aristotle’s writing on natural 
history. For instance, his statement about 
nature’s proceeding “little by little from 
things lifeless to animal life,” that has 
become famous from being interpreted as 
adumbrative of the modem theory of 
Evolution, occurs in this book. But the 
opening sentence of the real discussion of 
the book tells us in so many words where 
the writer stands in the treatment. 

In the great majority of animals there are traces of 
psychical qualities or attitudes, which qualities are 
more markedly differentiated in the case of human 
beings. For just as we pointed out resemblances 
in the physical organs, so in a number of animals we 
observe gentleness or fierceness, mildness or cross 
temper, courage or timidity, fear or confidence, high 
spirit or low cunning, and, with regard to intelli¬ 
gence, something equivalent to sagacity. Some of 
these qualities in man, as compared with the corre¬ 
sponding qualities in animals, differ only quantita¬ 
tively: that is to say, a man has more or less of this 
quality, and an animal has more or less of some other; 
other qualities in man are represented by analogous 
and not identical qualities: for instance, just as in 
man wc find knowledge, wisdom, and sagacity, so 
in certain animals there exists some other natural 
potentiality akin to these. ( Historia , 588* xo-i-5.) 

The unqualified animalness of man, 
though of a kind that is enormously high, 
relatively, in Aristotle’s thinking, es¬ 
pecially when he was at his best as a 
naturalist, does not, wc hope, need further 
illustration. 

Now can there be any other interpreta¬ 
tion of the sentences quoted than that 
Aristotle conceived pleasure to go along 
with sensation to the very root-tips of 
animal life and so of the life of individual 
man? ‘What else can be made of the state¬ 
ment that all animals seek pleasure “in 
keeping with their nature?” The real 
question here is as to the lower limit of 
sensation. So far as Aristotle’s means of 
testing could go, he was probably justified 
in considering plants devoid of sensation. 
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In other words he was probably justified 
in considering sensation a strictly animal 
attribute. 

Essentially the same idea is variously 
expressed by Aristotle. Thus: “Each kind 
of being, again, seems to have its proper 
pleasure, as it has its proper function,— 
viz., the pleasure which accompanies the 
exercise of its faculties or the realization 
of its nature.** ( Ntcom . Eth . Book X, 5, 8. 
Peters trans.) 

This identification of pleasure with the fundamen¬ 
tal nature of living beings is so important for two hy¬ 
potheses I am being led to, that we must consider its 
historic and factual backgrounds a little farther. Such 
consideration is needed in our day especially, perhaps, 
because of the wide currency of quite different inter¬ 
pretations and valuations of pleasure. 

That Theophrastus, a pupil and disciple of Aristo¬ 
tle, should have had a similar view of pleasure is not 
surprising. "For Theophrastus,” we read, “pleasure 
is the normal accompaniment of what is in accord with 
nature. As a rule, therefore, we take plesaure in things, 
since the common course of our functions is inevitably 
‘natural’ and not antagonistic to nature” (Stratton, 
G. M., 1917, p. 48). And one passage from Theophras¬ 
tus himself is much to the point because it is in refuta¬ 
tion of a view of Anaxagoras which fits well with a 
brand of cynical philosophy quite prevalent in our 
era. “But as for the thesis,” says Theophrastus, 
“that sense perception is universally conjoined with 
pain, this finds no warrant in experience, inasmuch 
as some objects are actually perceived with pleasure, 
and most of them at least without pain.” (Stratton, 
p. 93). Those of our contemporaries who have been 
educated into a spiritual condition such that in what¬ 
ever they do toward enjoying themselves they appear 
to get more misery than pleasure from it, will not of 
course be impressed by either the conception of pleas¬ 
ure that comes to us from Aristotle and Theophrastus, 
nor by a like conception from modern sources. 

It is, however, important to note that many per¬ 
sons of this very day whose voices can hardly be ig¬ 
nored, have reached quite similar conceptions. A few 
of the many available references must suffice. ‘ 'Simply 
to live, move and breathe, should be a delight.” 
This statement by William James, is entitled to the 
more respect, I submit, from being quoted with ap¬ 
proval by a foremost physician and contemporary 
worker in public health (Winslow, C. E. A., 1914, 
p. 114). 

The only other statements I give space to are chosen 


for the trustworthiness of the authority, and, more 
especially, for the approach (as it seems to me) of the 
views expressed to the hypothesis to which we are 
coming. 

We read: “Pleasantness might represent a general 
organic state , and unpleasantness the contrary state, 
each state being an internal bodily response to pleasant 
or unpleasanc stimuli, and making itself felt as an 
unanalyzablc compound of vague internal sensations.” 
Again: “Pleasantness and unpleasantness are much 
less definitely localized [than sensations from the 
special senses]; they seem to be ‘in us’ without being 
in any special part of us.“ (Woodworth, 1911, pp. 
175 and 174.) 

What, we must now ask, do these diverse references 
to sensation and what is pleasant or unpleasant point 
toward? The literally immeasurable extent to which 
personal experience and common observation find 
sensation, feeling, emotion, passion and the rest, de¬ 
pendent on stimulations, external and internal, inevit¬ 
ably suggests that in seeking an answer to the question, 
the quarter to be turned toward first should be that of 
the most searching investigation yet made, on the de¬ 
pendence of the phenomena of living bodies on the 
responsiveness of the bodies to stimulations as just 
indicated. And thus we run head-on into one of the 
most recondite and also far-reaching divisions of 
psychobiology. It would be futile to attempt an ex¬ 
haustive exploration of this realm here. But it would 
be equally futile to try to understand the issues most 
fundamentally involved without having got a firm 
hold on the main results of researches in the realm. 
So we must do our best under the circumstances to¬ 
ward such a hold. 

Conformably with the historic diathesis of our en¬ 
terprise we may first notice Aristotle’s very wrong 
supposition that plants arc devoid of sensation. The 
question of whether he did or did not produce a 
treatise on plants and the further question of whether, 
if he did, he could have still held to his error in this 
matter, it is useless to speculate on. For the error 
he certainly made and it appears to have influenced, 
willy-nilly, hiswholc theory of the activities of living 
beings. 

Possibly, however, he was not quite so wrong as 
to facts nor unjustifiable as to theory as he seems. For 
in one passage at least he goes some distance toward 
recognizing the truth. After referring to the fact that 
various mechanisms may be injured or destroyed by 
being driven too hard in the performance of their nor¬ 
mal function, he tells us: “This explains also why- 
plants cannot perceive, in spite of their having a por¬ 
tion of soul in them and obviously being affected by 
tangible objects themselves; for undoubtedly their 
temperature can be lowered or raised.” (D* An, 414* 



XX 


THE QUARTERLY REVIEW OF BIOLOGY 


30 Smith trans.) It has been suggested that in the 
distinction here made between perceiving and being 
affected, Aristotle was aiming at an old and fanciful 
notion about feeling of joy and sadness experienced by 
plants. 

The merest reference to what everybody knows 
about the Mimosas and other “sensitive plants;*'about 
insect catching and devouring plants; and about the 
action of twining and tendril clinging plants, will suf¬ 
fice as familiar evidence of Aristotle's general wrong¬ 
ness in this matter. 

Turning to the less familiar data, a summary state¬ 
ment may be made as follows: Some of the most exact 
and illuminating researches of the modern period into 
the "irritability," the "excitability," the "stimul- 
ability'' (various terms meaning much the same thing) 
of living organisms, have been conducted on plants, 
nearly the whole range of the plant world having been 
requisitioned for investigative materials. 

As a hint at what recent history presents in this 
realm, the work of the botanist Pfeffer may be men¬ 
tioned. The choice falls here largely because this 
investigator's handbook is widely and favorably 
known. 

In an interesting section of the book, entitled "na¬ 
ture of irritability,' ’ we read: * ‘until recently the part 
played by stimuli in all vital phenomena has been 
overlooked." (Pfeffer, 1900, p. 13.) The date (1880) 
of the first German edition of this work indicates the 
extreme recency of scientific knowledge in this field. 
As the quotation clearly implies, when irritability 
at its base level is under consideration, there is no fun¬ 
damental distinction between plants and animals. 
And since plants have no sense organs as this expres¬ 
sion is usually understood, their sensitivity must de¬ 
pend on a very general property of living beings. So it 
happens that in the writings of the period of Pfeffer 
and a little earlier, one constantly finds statements to 
the effect that sensitivity, or responsiveness to stimuli, 
is a property common to all "living matter" or proto¬ 
plasm. More recently results coming from increas¬ 
ingly refined investigation, the conception of sen¬ 
sitivity as a general property of "living matter" 
has had to be modified to the extent of recog¬ 
nizing that this general property belongs to living 
matter only as such matter occurs in organized, 
living bodies. Otherwise expressed, the concepts 
of both aliveness and sensitivity seem to be insep¬ 
arable from the concepts of body and organization. 
The concept of "living matter," or "protoplasm" 
as a universal, undifferentiated, unorganized, un- 
corporealized something or other now stands in 
opposition to an enormous mass of observational 
knowledge, and is unsupported by a scintilla of 
such knowledge. The great science of living cells, 


cytology, is manifestly opposed to the concept. But 
cells are by no means the bottom link, so to say, of the 
chain of observational data opposed to the concept. 
In truth, cytological knowledge as now being devel¬ 
oped, is concerned largely with a host of bodies of vari¬ 
ous sizes and shapes and degrees of permanence within 
cells. Although many, probably most, of these are 
not alive in the full sense, their undoubted contribu¬ 
tion in one way or another to the vital activities of 
the cells is entirely at one with the conception of or¬ 
ganized corporeality as a situ qua non to aliveness. 
"Living matter" has, in both fact and logic, about the 
same status that the term "humanity" has. There 
is no more justification in imagining "living matter" 
as someting apart from and antecedept to living bodies 
than there is in imagining "humanity" as something 
apart from and antecedent to, human beings. 

"Protoplasmic systems" is a term now much used 
by investigators occupied chiefly with the functional, 
or physiological side of vital phenomena at these foun¬ 
dational levels. What the parts are and that the or¬ 
ganization is, of these deep-level bodies, though of 
great interest, especially to experimental workers, can 
be merely touched here. Reference must be made to 
the great r6lc the surfaces of the bodies play in the 
phenomena presented. "Surface layers" and "limit¬ 
ing membranes" arc basic in the terminology of knowl¬ 
edge here. Now this character of these bodies lends 
itself well to the seeming necessity of extending our 
conception of sensitivity from our common experience 
as bodies to these deep-level bodies. 

And we must notice that Aristotle, starting from 
this same common experience and applying to it prin¬ 
ciples of reasoning he himself had worked out, 
reached conclusions that are in striking general ac¬ 
cord with the results of late experimental research. 
Thus on the problem of a living body and the matter 
of which it is composed, we read: "Now there is one 
ckss of existent things which we call substance [ou- 
sian] f including under the term, firstly, matter [hylen \ 9 
which in itself is not this or that; secondly, shape or 
form, in virtue of which the term this or that is at once 
applied; thirdly, the whole made up of matter and 
form." (Di An. 411* x Hicks trans.). Highly im¬ 
portant is it that "shape or form" here is the crass 
thing of modern morphology. Morphm hat eidos is the 
original., That which is observed as well as the idea 
of it is what we have to do with. When we reflect 
that in the discussion of which this paragraph is a 
part Aristotle is dealing with the problem of the rela¬ 
tion of the soul to the body; and note that the question 
of the "sensitive and appetitive faculties" was always 
conspicuously in his thought, we may well be im¬ 
pressed by the closeness of his approach, so far as 
theory is concerned, to the modern position. 
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There is now an enormous mass of evi¬ 
dence in court on the r 61 e of stimuli, cx- 
citors, activators in vital phenomena. 
This evidence makes it look as though we 
shall have to recognize that such phe¬ 
nomena are as dependent on externality for 
excitation to action as they are for building 
materials, and energy-yielding materials 
for action. But, of course, “externality** 
as thus used would include all such facts 
as that any part of our bodies, our kidneys, 
or gonads, or blood corpuscles, or cells 
generally, are external to all other parts. 
The conception of vital spontaneity, or 
automisity in a strict sense, in the sense, 
that is, of ability of a living body of any 
kind or grade cither to begin its acts or to 
modify them, just by its own exclusive 
self, appears to be on the verge of elimina¬ 
tion from sound biology. The following 
seems a fair epitome of conclusions under 
this head: 

“As the facts stand at present there is no reason for 
assuming the occurrence of self-excitation. Spon¬ 
taneity in a strict sense is far from being a demonstrated 
fact. One cell region, cell or cell group may of course 
excite another, but the original source of excitation 
and of the initiating energy is apparently always out¬ 
side the region, cell or cell group excited.” (Child, 

1914. p-186.) 

What the relation of non-spontaneity as here indi¬ 
cated may be to the spontaneous, or autonomic atomic 
activity now receiving much attention by physicists, 
is an important but seemingly a very difficult question. 
The surmise that the doctrine of electronic indeter¬ 
minism lends physical support to the doctrine of “free 
will” is easy to make, and seems congenial to certain 
types of feeling and thinking. And there may well 
be a connection of some recondite kind between the 
two. If men could discover scientific backing for an 
hypothesis that they are free to act in some such way 
as radio-active substances are, the discovery would be 
significant in several ways. 

But it is important not to forget that the first men¬ 
tioned doctrine is strictly atomistic-mathematical 
while the second is far from that. The “free will” is 
crasslymolar, i.c., corporeal, so far as all experience 
in exercising it goes. But still more important is it 
not to forget that both doctrines are items in, are prod¬ 
ucts of, the knowledge-getting activities of human 


beings. The doctrine of atomic indeterminism is 
utterly dependent on facts that are molar or corporeal. 
These facts are, for one thing, the utter dependence 
of human observing, knowing and thinking on being 
humanly alive; and further the utter dependence of 
being alive on breathing, eating and the rest. Now 
these facts are so familiar as to tend to become just 
taken for granted. And things just taken for granted 
are, if highly complex, always liable to be treated as 
though some of their elements just do not exist. 

Lillie has recently published some highly interest¬ 
ing discussions in this general field approached from 
the side of modern physiology (Lillie, 1931 and 193a). 

“PLEASURE-PAIN* * IN RELATION TO THE 
WHOLE-AND-ITS-PARTS 

What, now, is the bearing of all this on 
the problem of pleasure? My answer is 
the first of the two hypotheses forecast 
several pages back. Our experiences which 
we characterize as pleasant, agreeable, satisfy¬ 
ing, and to which we give such names as pleas¬ 
ure, happiness, joy, are rooted finally in our 
sensitivity as bodies that are alive . Their 
foundations are laid at the moment of our 
conception, arc much advanced by being 
born, and arc never entirely absent as long 
as we live. This deep-level truth gets par¬ 
tial recognition in the familiar statement, 
“Self-preservation is the first law of life.** 
From the exercise by every living body of 
its ability to maintain itself we get such 
concepts and sayings as that it is “good to 
to be alive.** Of prime importance is the 
recognition of that double dependence on 
externality (in part the “external world** of 
common experience) which our discussion 
focused attention upon. Each living body 
depends on what is external to it for its 
building and energy-yielding materials 
(air, food, water), and also for stimulation 
to all its activities. A body is alive in and 
of its ability to use for its own existence a 
relatively few things external to it, and to 
respond to, and sense, a literally uncountable 
number of things external to it. For a 
body to exercise these abilites is to fulfil, 
or to satisfy, its nature. These are the 
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very bottom acts by which a living body 
“makes good.” This is as fundamentally 
true for the meanest weed-seed that in re¬ 
sponse to moisture and warmth pushes its 
sprout through the hard ground, as for 
the greatest human genius that responds 
to conditions of his time and surroundings 
and to his own internal “urge.” Sensi¬ 
tivity and responsiveness as here touched 
upon, are basic to the concept of life-or- 
dcath needs and activities, and life-fulfill¬ 
ing needs and activities suggested elsewhere 
(Ritter and Bailey, 1917, pp. 168 and 195). 

This tracing of the roots of goodness, the “good 
life," the “it is good to be alive,” to their tips in the 
very deepest level of aliveness of animate bodies is 
likely to shock those who still cling to the teachings 
of traditional philosophy and ethics on this matter. 
For our interpretation gives no quarter to the idea of 
an ultimate, incarnate Good, that always, since Plato, 
has figured in one form or another in the theories of 
many del vers into the problems of human life. That 
is good according to this interpretation, which is in¬ 
trinsic and essential to the very nature of the living be¬ 
ing and is no outsider, or alien, even though its depend¬ 
ence on externality is irremovable. Goodness does 
not just come, somehow, from some imagined where, 
to occupy a portion (the spiritual or mental portion) 
of that relatively small group of living beings called 
human by us of the western world. “Good’’ though 
as deeply real as life itself, is not of extra- and supra- 
mundane origin in an imaginary Divinity. Rather, 
it is basic quality, or sense, inherent in, and essential 
to, the state of aliveness. Divine goodness is derived 
by abstraction from it; not it from Divinity. 

(This is no treatise on the problem of Good and 
Evil. Since, however, we arc led by the nature of this 
enterprise to touch the “good” aspect of the problem, 
I can not consistently leave the other, the “evil,” 
aspect wholly untouched. 

If my interpretation of “good” is right, it seems ob¬ 
vious that “evil” is not an antithesis of it in the sense 
that, for instance, white is the antithesis of black, or 
warm of cold. The existence of' ‘good” is not condi¬ 
tioned on the existence of “evil” as its essential con¬ 
trast. The antithesis of “good,” is “dead,” dead im¬ 
plying something that was alive but died. The 
“good” of a living being might, theoretically, ex¬ 
perience little evil or even none at all.) 

Now is there reasonable doubt that what we have 
here said is only a revision and extension in the light 
of present-day knowledge, of Aristotle’s “where there 


is sensation, there is also pleasure;” of James' “simply 
to live, move and breathe should be a delight;” and 
Woodworth’s “pleasure is 'in us* without being in 
any special part of us?” 

From what we have already learned of Aristotle’s 
inability, partly from lack of factual knowledge, to 
see how nutrition, sensation, and reason could be in¬ 
terdependent and inseparable parts of that particular 
complete reality which is a man, we readily foresee 
that he would be unable to go the whole way with 
moderns in interpreting the good. It is, however, to 
the point to notice that he recognized both the fallacy 
and the practical inadequacy of the “Universal Good” 
as conceived by Plato. 

(It is worth while, historically, to recall that one 
of the most memorable of Aristotle’s direct references 
to his disagreement with Plato is in this very connec¬ 
tion. It is here that he tells us: “such an inquiry is 
not a pleasant task in view of our friendship for the 
authors of the doctrine of ideas.” But further: “in 
the interests of truth, we ought to sacrifice even what 
is nearest to us, especially as we call ourselves Philoso¬ 
phers.” ( Nich . Ethics , 1, 8 Peters trans.)). 

Full of positive interest though Aristotle’s discus¬ 
sion of the good, happiness, and the rest is as it comes 
to us in the Ethics , it would be out of place to pursue 
it here. One minor point, however, has considerable 
bearing on our interpretation. That is, the numerous 
passages that reveal his doubts about the relation be¬ 
tween reason and the various feelings and emotions. 
One illustration must suffice. Although he sets it down 
positively enough, that as to man “mere nutrition 
and growth” must be excluded, elsewhere we read: 
“Good, then, is not a term that is applied to all these 
things alike in the same sense or with reference to one 
common idea or form. But how then do these things 
come to be called good? for they do not appear to have 
received the same name by chance merely.” Then, of 
special interest comes the answer: “Perhaps it is be¬ 
cause they all proceed from one source, or all conduce 
to one end. ’’ (Ethics I, 6). I am quite sure that ’ ‘one 
source” and “one end” of this conditioned statement 
could without forced interpretation include the lowest 
level sensations in the one direction, and the highest 
welfare of the organism in the other, of our interpreta¬ 
tion. 

(I venture to remind the reader in connection with 
this suggestion of Aristotle’s about source and end 
relative to what is good, or my account on earlier 
pages of my own experiences in orange-eating and 
institution-building.) 

Like in purport to the above, but more definite is 
Aristotle’s recognition that the good for man must be 
connected with his “purpose in life," as we say. 
“Man’sgood," says Aristotle "would seem to lie inhis 
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function, if he has one. But can we suppose that while 
a carpenter and a cobbler has a function and a business 
of his own, man has no business and no function as¬ 
signed him by nature? Nay, surely as his several mem¬ 
bers, eye and hand and foot, plainly have each his own 
function, so we must suppose that man also has some 
function over and above all these.’’ (Eth. I, 7,11.) 

The *‘function over and above all these" is, as all 
familiar with Aristotle's supreme appraisal of con¬ 
templation would foresee, the "life of his [man’s] 
rational nature." Whether he was right in this is, 
of course, not our concern here. 

This rather long but far from exhaustive examina¬ 
tion of Aristotle's admirable even though fragmentary 
knowledge of the truth about sensation, pleasure, the 
good, and happiness has seemed indispensable to the 
prosecution of our main purpose in this division of 
our inquiry concerning cntelechcia . 

We now return to the reason for this di¬ 
version. The reason was, it will be re¬ 
called, what we found Aristotle saying 
about sexual pleasure when he was at his 
best as a zoologist but ignoring almost en¬ 
tirely when he was an ethicist. And we 
need to recall still more definitely what 
made this matter seem important. It was 
his guess, perhaps taken from Hippocrates, 
that the intensity of the pleasure of coition is 
due to the involvement of the whole organism in 
the action . 

I wish to contend now that the revision 
of this guess in the light of modern knowl¬ 
edge as sketched in the foregoing discussion 
justifies the erection of the guess into a 
definite hypothesis, or perhaps more ex¬ 
actly, a definite theory; and further that if 
the theory is true, this aspect of sex con¬ 
stitutes one of the strongest manifestations 
of the wholeness in the sense of complete 
reality ( [entelecheia ) of higher animal or¬ 
ganisms. For notice the facts involved: 

(1) The activity of copulation is linked 
with that of nutrition, in the two most 
basic of all vital phenomena for man and 
the vast majority of organic species. 
Those phenomena arc of course, the main¬ 
tenance of the individual and of the species. 

00 The excitation upon which the activ¬ 


ity primarily depends is the most basic of 
all, namely that of physical contact, or 
touch. 

(3) In accordance with the conceptions 
of excitation and sensitivity apparently 
necessitated by modern physiology, the 
sensation accompanying the activity 
reaches down to the same level of vital 
phenomena as do nutrition and metabolism. 
In other words, it reaches to every cell 
or part of a cell of the organism that is 
truly alive. That is to say, it reaches 
down to the simplest living units into 
which living bodies are resolvable. 

Does it not follow, then, that if “good" 
as applied to living bodies means what 
numerous students have somewhat vaguely 
interpreted it to mean, and we have more 
definitely so interpreted it, that the Hippo- 
cratean-Aristotelian notion of the multi¬ 
plication of the “good,” the pleasurable, 
feeling, with the multiplication of the body 
parts involved, would be logically sound? 
But notice what one of the most funda¬ 
mental improvements of this ancient theory 
affected by modern research, is essentially. 
Aristotle went far enough, we have seen, 
with such improvement to see that the 
intensity of the pleasure could not be due 
to the coming of the germinal material 
from all parts of the body. But remember 
his substitute— fneuma y spiritus! 

It seems to me a fair question whether 
Aristotle does not come nearer (perhaps 
unwittingly) a unitary theory of the soul, 
and of soul and body, in connection 
with this very matter of sexual pleasure 
than in any other whatever. The question 
hinges on the rdle ascribed to the spiritus 
in coition and the views previously no¬ 
ticed that “intellect [nous] is not found to 
to cause motion apart from appetency." 
Still more definitely in this direction, recall 
the recognition that concupiscence, a kind 
of appetency, “may move a man in opposi¬ 
tion to reason." 
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So we ate led to conclude that the whole¬ 
ness of an organism manifested in the ec- 
stacy of sexual intercourse as this is ex¬ 
perienced by man and the higher animals 
generally, is one of the most characteristic 
and powerful items in the complete reality of 
these organisms . The momentarily com¬ 
plete monopoly of consciousness at the 
climax of sexual ecstacy should probably 
be viewed as the very highest manifestation 
of the individual's conscious unificdness 
and wholeness. But it is important to 
notice that the tendency of the emotions 
to such monopoly is not by any means 
restricted to the erotic emotion. Many 
forms of contest, for instance, both physi¬ 
cal and mental, may go far in this direction. 
In all such cases there is ample evidence 
not only as common experience, but from 
scientific research, of the involvement of 
very many, if not all, parts of the organism. 

EVERYTHING WHATEVER AND THE WHOLE- 
AND-ITS-PARTS 

Finally we must face the supreme ques¬ 
tion of all: What did Aristotle do about his 
conception of entelecheia when he viewed 
it* in connection with his conception of 
Everything that Is or Has Been or Will Be? 
For we may be sure, from what we have 
abundantly learned about the man that he 
was not of the kind cither to fail to ask 
this question or to do something toward 
answering it. Naive and philosophical 
naturalism (Ritter and Bailey, 1917, p. 7) 
were altogether too closely intermingled 
in him to permit him to overlook or shy 
at the question. 

Almost the most famous (from the stand¬ 
point of traditional philosophy) of Aris¬ 
totle's works, the Metaphysics , may be 
said to be devoted primarily to the prob¬ 
lem of man’s knowing the Universe, or 
Cosmos, approached from the direction 
of the Whole-and-its-parts. 

But it is obvious that “our usual method 


of investigation” could not be followed 
here without far-reaching modification. 
For the “compound whole” to be analyzed 
into its “uncompounded elements” (Wel¬ 
don, 1911, p. 1) was certainly not accessible 
by the principles of knowledge-getting he 
himself had so largely developed and 
utilized. The method could be applied 
with considerable success in getting knowl¬ 
edge of a State or a work of art, as a poem 
(this article, part I, Quart. Rev. Bol., 
Vol. 7, p. 381), or a bedstead(p. 387), ora 
block of ice (p. 383), or a bit of air (p. 384). 
But when it comes to the universe—what is 
it compounded of? 

Yet, there is the sun, the moon, the plan¬ 
ets, the starry hosts and the arching sky, 
no less truly things of sense experience than 
men and fishes, the blue sea, and the solid 
earth. Surely the heavenly bodies are 
parts— of something —no doubt about that. 
But of what? What is the whole now? 
Can there be a whole so big and inclusive 
that there is nothing beyond it, nothing 
left out of it? 

No one who has faced seriously the prob¬ 
lem of the One and the Many, as even we 
moderns arc perplexed by it, can be de¬ 
cently indifferent to the magnificent on¬ 
slaught upon it made by the Greeks nor 
unsympathetically critical of their meager 
success. 

The study of what Aristotle did on the 
problem may well begin with a reference 
to the view, now apparently accepted by 
nearly all students of the Aristotelian 
works, that the Metaphysics , the work in 
which the deepest meaning of existence is 
treated, was not called Metaphysics by its 
author. The First Philosophy was his name 
for it. The main significance of this is that 
really Theology would probably indicate 
more truly what Aristotle was here aiming 
at than does metaphysics as commonly 
understood. For he was obviously quite 
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as interested in the problem of God as in 
that of Nature. 

The moment we touch the question of 
what the ancients (any of them) did on 
the problem of Everything, we arc con¬ 
fronted with the pitiful mcagerncss (as 
compared with ours) of their factual knowl¬ 
edge. And much of this meagemess stands 
in relation to every division of nature, it 
stands with special importance in relation 
to the heavens. Undoubtedly facts in this 
subdivision are among the most striking 
and appealing of those in any subdivision 
whatever. But from their very nature 
they are specially beguiling to common 
experience. Wonderful, indeed, is the 
rising and setting of the sun, the effects 
of its radiations upon the earth, and 
the responses to these radiations by 
living bodies. Nevertheless so far as con¬ 
cerns all land-and-air inhabiting animals, 
man with the rest, problems of finding, se¬ 
curing and utilizing food and water arc 
manifestly much more compelling of at¬ 
tention and goading to action. The grow¬ 
ing light and warmth of each new day 
just comes, as free grace, to the mother bird 
and to the mother human. Nothing is 
exacted of the recipients—unless indeed the 
stimulus to song by the bird and prayer 
of thanksgiving by the woman be counted 
as exactions. How different the advent 
of the day for both creatures relative to 
food and drink! Be up and doing is the 
exaction now. For the final issue is Lifc- 
or-Death. And this must be met quite 
otherwise than by benisons of song or 
prayer, however desirable and good these 
may be. 

So while perhaps knowledge of the heav¬ 
enly bodies is the oldest branch of natural 
science, it certainly is not the oldest branch 
of practical experience. And who has a 
scintilla of real evidence of theoretic or 
speculative knowledge in any realm what¬ 
ever that docs not rest finally on practical 


experience, individual and racial? Herein 
matters of the most human concern are the 
issue. 

History reveals that men in all ages have 
applied their imaginations and speculations 
to their frec-gracc experience of the heav¬ 
enly bodies with the hope of gaining help 
therefrom in their active, often hard, ex¬ 
periences of such earthly bodies and situa¬ 
tions as are Life-or-Death to them. 

To this Aristotle was not apart from his 
predecessors and contemporaries. Indeed 
he seems to have been behind sortie of them 
in some respects. But we cannot in decency 
be unsympathetic with our forebears in 
this if due regard is had to the study of 
astrology among peoples and cultures down 
to our very selves with our daily news¬ 
papers as media for disseminating astro¬ 
logical beneficence and malevolence. 

With reference to Aristotle’s position 
in this, our concern is, as in other matters, 
quite as much with his thinking on the basis 
of the factual knowledge he possessed, 
as with his knowledge itself. And our main 
interest is, of course, the question of how 
his conception of entelecheia stood in rela¬ 
tion to his conception of Everything, es¬ 
pecially as to the heavens as a part of 
Everything. 

It is significant that in the discussion 
which embodies his conclusions about the 
nature of the heavens and of God, Aristotle 
begins not with the heavenly bodies but 
with substances, matter and movements; 
and with actuality, potentiality, and cause. 
In other words he begins where common 
experiences begin, namely, with earthly 
things. 

As an illustration of how objectively real he was, 
take this: “For how will there be movement, if 
there is no actual cause? Wood will surely not move 
itself—the carpenter’s art must act on it. “ ( Metapbys . 
io7i b a.8, Ross trans.). Then, true to his custom as a 
student of genesis, there immediately follows: “nor 
will the menses nor the earth set themselves in motion. 
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but the seeds must act on the earth and the semen on 
the menses .*' Philosophically sound but scientifically 
very unsound, you see—as in many other instances. 

How then is man—individual man— 
whose existence is dependent on the act of 
procreation by a man and a woman, and 
on innumerable acts of his own in securing 
and utilizing nutritial substances, going 
to fully comprehend Everything ? Sharply 
and certainly limited as a man is both in 
coming to be and in continuing to be, how 
can he encompass in any sense, by his own 
acts, even by his most powerful and com¬ 
prehending acts, that which is entirely 
unlimited, so far as his experiences testify? 

The evidence is conclusive, I believe, 
that on the whole Aristotle approached 
the great problem in this humanly animal¬ 
istic fashion. 

But what could he really do toward 
solving it? Almost absolutely uninformed 
as he was of the facts and interpretations 
on which the idea of organic evolution 
rests; pathetically meager as was his tech¬ 
nical information about reproduction and 
development, about nutrition, respiration 
and metabolism, about neuromuscular ac¬ 
tion, and about the physics and chemis¬ 
try of the external environments of living 
things, there was no course open to him 
by which he could advance beyond what 
others had done than to put enormous 
dependence, just as they had done, on 
thinking and reasoning about such obser¬ 
vational data as they possessed. Now this 
sort of thing implied (as it always does) 
discussion, argument, speculation, dis¬ 
putation. It meant dialectics . And dia¬ 
lectics is a method of striving after truth 
that has had tremendous vogue in the his¬ 
tory of human culture. And there is much 
uncertainty as to whether the balance sheet 
of such striving shows truth in the black 
or in the red. 

A great part of Aristotle’s effort to solve 
the problem of All Existence was made 


by applying this very method. There is 
no doubt about it. Accordingly his re¬ 
sults have to be tested by this criterion as 
well as by that of observational procedure 
and inevitable logic. 

Against the theory that number is in 
essence such as to be the sole explanation 
of Everything; also the theory that 
Platonic Ideas hold this exalted place 
Aristotle levels his great dialectic powers. 
Hoyv successful he was in this, I do not 
undertake to judge. Nor does it seem to 
me of much importance, its significance 
being historical and logical rather than 
factual. Of far greater importance is the 
circumstance that at a deeper, more vital 
level of his information and his thought, 
he recognized that a sine qua non to any 
body’s having information or thoughts 
about the nature of numbers or of Ideas 
or anything else is the fact of being alive 
with all this implies as to begetting, birth, 
growth and differentiation; also as to many 
vastly complex organic functions especially 
of digestion and metabolism, and of sensi¬ 
tivity. 

Aristotle’s theology and 
ENTELECH El A 

That he tripped a few times when he 
tackled the problem of Everything, is not 
surprising. Indeed, all things considered, 
it is wonderful that he did as well as he did. 
And I venture to contend that his faithful¬ 
ness, on the whole, to his conception of 
entelecheia was a major factor in his accom¬ 
plishing whatever of value he did accom¬ 
plish here. 

Let us examine then the question of what 
exactly he did toward squaring this con¬ 
ception with his dialectical efforts. We 
can use Ross’s Selections , (Ross, 1917) to 
good advantage. The group of selections 
combined by Ross under the title “Aris¬ 
totle’s Theology and Astronomy,” begins 
(in keeping with what we pointed out 
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above about Aristotle’s starting his dis¬ 
cussion of the Heavens with his earthly 
experiences) as follows: 

Since there were three kinds of substance, two of 
them physical and one unmovable, regarding the latter 
we must assert that it is necessary that there should 
be an eternal unmovable substance. For substances 
are the first of existing things, and if they are all de¬ 
structible, all things are destructible. But it is im¬ 
possible that movement should cither come into being 
or cease to be; for it must always have existed.’’ (M*- 
taph. io7i b 1-7.) 

This problem of substance is upon us 
here in its full tcrriblcness. As for the two 
physical kinds, the material, or substratum 
of bodies, and the bodies themselves as 
forms, Aristotle was no more dubious 
about them than is any consistent modern 
naturalist (a naturalist, that is, who has 
not become sophisticated by atomistic 
physics). It was the third kind, the un¬ 
movable kind, that troubled him most. 
For even though he found great difficulty 
in making it fit with the other kinds, he 
still thought he could not get along with¬ 
out it. And one of the particularly hard 
questions in connection with it was that 
seemingly it must be non-sensible. 

“For (1) it [ Physics ] does not deal with the final 
cause (for this is the good, and this is found in the 
field of action and movement; and it is the first mover 
—for that is the nature of the end—but in the case of 
things unmovablc there is no first mover), and (1) in 
general, it is hard to say whether the science we are 
looking for [i.e., “Wisdom as a science of first princi¬ 
ples”] deals with perceptible substances or not with 
them, but with certain others,” (JAetapb. 1059* 35.) 

“Hard to say” indeed I For even today 
where are we with reference to it? Modern 
physics seems actually to have fallen be¬ 
hind Aristotle to the extent that it is now 
staking everything on atoms as experimen¬ 
tal analysis knows them and as they can 
be treated quantitatively. Nor have the 
prevalent schools of philosophy, ethics and 
religion, made clear and solid advance 
beyond him. For in none of these has sub¬ 


stance as form in the sense of Aristotelian 
morphology received any approach to 
adequate recognition. So the question we 
are asking boils down to this: What did 
Aristotle do toward reconciling his ’’usual 
method of investigation,” i.e. of “analys¬ 
ing a compound whole into its least parts,” 
with his supposed necessity in a particular 
case, that of the problem of Everything, 
of proceeding by the reverse method? For 
as we sec, he really began with the parts 
(least parts?) in this case and tried by the 
dialectic method to conceive the whole. 
Here is a passage that seems to me to go 
far by implication toward answering the 
question. 

Arguing for his theory of a “first” agent 
as the cause of all objectively known things 
he says: 

Since (1) this is a possible account of the matter, 
and (1) if it were not true, the world would have pro¬ 
ceeded out of night and “all things together” and out 
of non-being, these difficulties may be taken as solved. 
There is, then, something which is always moved 
with an unceasing motion, which is motion in a circle; 
and this is plain not in theory only but in fact. There¬ 
fore the first heavens must be eternal. There is there¬ 
fore also something which moves them. And since that 
which is moved and moves is intermediate, there is a 
mover which moves without being moved, being 
eternal, substance, and actuality. (JMetapb. 107i® 
18-15 Ross trans.). 

The crucial point here is that the last 
word of the passage is actuality ( energeta ) 
and not complete reality ( \mtelecheia ). 
May we not properly ask why this eternal 
substance that is insensible and is a mover 
of the heavens and all things without 
itself being moved, should not be charac¬ 
terized as complete reality and not merely 
as actuality? Is it not justifiable to con¬ 
jecture that the remarkable something that 
Aristotle here assumed he at the same time 
felt to be lacking the sort of reality that 
led him to conceive entelcchcia ? Reflect on 
the incongruity of applying the same term 
to such a phenomenon as he supposed the 
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heavens to be, that he applied to the 
phenomenon of the transformation of ice 
into water (this article, part I, Quart. 
Rev. Biol., Vol. 7. p. 383) or of the change 
of a warm body to a cold one (p. 384). 

The difficulty of observing all that is 
observable of any wholc-and-its-parts, 
regardless of size and complexity, and of 
thinking about it, and being entirely con¬ 
sistent throughout, is undoubtedly very 
great. Yet that such consistency was what 
Aristotle really felt the need of when he 
conceived entelecbeia , appears to me certain. 
How difficult it is to measure up to the aim 
is illustrated by the fact that Aristotle him¬ 
self almost certainly fell short now and 
then. An important instance is furnished 
by his efforts in connection with this very 
problem of Everything. He, like innumer¬ 
able other persons in many ages and cul¬ 
tures down to some of the distinguished 
astronomers and all of the astrologers of 
our own day, conceived the heavens to be 
the region which is the favorite, if not the 
exclusive abode, of the eternal and divine. 
With Aristotle movement was, as we have 
noticed, what he regarded as particuarly 
convincing objective evidence of the eternal. 
For the dialectical proof of the endlessness 
of movement in a circle seemed to him con¬ 
clusive. And since this was supposed to 
be the course traveled by the heavenly 
bodies, they furnished proof of ctcrnality 
and divinity. His discussions of the 
heavens, especially in the De Caelo and the 
Metaphysics , make it clear that his inter¬ 
est here was at least as much theological 
as scientific. In these discussions he seems 
to flatly contradict his conception of en - 
telecheia in one instance. And it is fair to 
guess, I think, that his contradiction is due 
to the dual interest indicated. The con¬ 
tradiction occurs in the following passage. 

"'Evidently there it but one heaven. For if there 
are many heavens as there are many men, the moving 
principles, of which each heaven will be one, will be 


one in form but in number many. But all things that 
are many in number have matter. (For one and the 
same formula applies to many things, e.g., the formula 
of man; but Socrates is one.') But the primary essence 
has not matter; for it is complete reality ( entelecbeia ).” 
( Metapb . 1074* 3 ^» Ross trans.). 

It is in connection with this passage that Ross 
writes mc(without knowing of my reference to it here): 
“Yet for the most part Aristotle uses the words (jntel- 
echeia and energeia ) interchangeably. Ross also writes 
“Energeia was not a well-established Greek work. It, 
no less than entelecbeia seems to be a coinage of Aris¬ 
totle. At least the new Liddell and Scott has found 
no earlier use of it.” Such being the case, is not the 
question a fair one: Why should Aristotle have coined 
two such important words if they were quite inter¬ 
changeable in his thought? 

The statement that complete reality has 
not matter is unreconcilable, so far as I can 
sec, with the many assertions, direct or by 
clear inference, that complete reality does 
include matter. The instance of ice and 
water, and of warm and cold referred to 
above may serve as examples in the purely 
physical (modern sense) realm. A foot¬ 
note to this passage by Ross seems to fur¬ 
nish similar evidence for the biological 
realm. “The Logos,** says the note, “is 
common to all men, so that it must be 
matter which gives Socrates his unique¬ 
ness.** 

It may be contended, and it is probably 
true, that the matter assumed to be respon¬ 
sible for Socrates’ uniqueness is wholly 
different from the “primary essence,’’ of 
the passage, and which is the “complete 
reality’* of it. But this really helps to 
focalize my criticism. For evidence is un- 
escapable that Aristotle was fully com¬ 
mitted, as a biologist, to the idea that the 
germ of man as of organisms generally was 
potentially the organism in its actualized 
form so far. In other words, he was com¬ 
mitted to the modern idea of heredity as to 
propagation, and to epigenesis as to ontog¬ 
eny. More of the passage in De Partibus 
quoted (this article, part I, Quart. Rev. 
Biol., Vol. 7, p. 386) is especially clear on 
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the point: “Every germ implies two or¬ 
ganisms, the parent and the progeny. For 
the germ or seed is both the seed of the or¬ 
ganism from which it came, of the horse, 
for instance, from which it was derived, 
and the seed of the organism that will 
eventually arise from it." (De fart. 64i b 
33-37). This is, so far as matter is con¬ 
cerned, in accord with the fully established 
facts of genesis and is opposed to the theory 
of something, a primary essence, for exam¬ 
ple, in addition to the matter. For even 
the germplasm theory, though holding 
that the germinal substance docs not 
really come from the parent, does not in¬ 
voke an essence or first agent, or cause 
in the meaning of Aristotle when he de¬ 
parts from his usual course as a student of 
living nature and becomes genuinely meta¬ 
physical as a speculator about the heavens. 

Attention may be incidentally called to the fact 
that the theory of germinal mutation of the ultra¬ 
orthodox school of genetics is perilously near, in 
logic, to the Aristotelian theory of a non-material first 
agent, or essence as the cause of the mutations, that is, 
of the source of new species. 

Fortunately, as it seems to me, Aristotle 
connects his theories of thought and of 
motion in such a way as to give added 
justification to the view that he contra¬ 
dicts himself when he uses entelccheia in the 
instance cited. The passages I am about 
to quote will be more easily seen to bear 
on the point if read in connection with our 
examination of Aristotle’s views about 
pleasure in relation to thought. Directly 
continuous with the passage quoted above 
and ending with “there is a mover which 
moves without being moved," etc., we 
have: “And the object of desire and the 
object of thought move in this way; 
they move without being moved. The 
primary objects of desire and of thought 
are the same. For the apparent good is 
the object of appetite, and the real good is 
the primary object of rational desire" 


([Metaph . 1071* 16-18 Ross trans.). Then 
comes a long discussion of the inter¬ 
mingling of things distinctly earthy with 
things heavenly. In this discussion the 
concept of actuality ( mergeia ) plays a 
large part while that of complete reality 
( entelccheia ) plays no part at all. Some 
of the instances follow: 

“Since there is something which moves while 
itself unmoved, existing actually, this can in no way 
be otherwise than it is. (1071** 7) ... On such a 
principle, then, depend the heavens and the world of 
nature. And its life is such as the best which we 
enjoy, and enjoy but for a short time. For it is ever 
in this state (which we cannot be), since its actuality 
is also pleasure (io7L b 15) ... If, then, God is always 
in that good state in which we sometimes are, this 
compels our wonder . . . And life also belongs to God; 
for the actuality of thought is life, and God is that 
actuality; and God’s essential actuality is life most 
good and eternal. We say therefore that God is a 
living being, eternal, most good, so that life and dura¬ 
tion continuous and eternal belong to God; for this 
is God.” (io7i b i5). 

Another, more literal at least in part, translation of 
the last sentence is: ‘ ‘Now, our statement is, this,—that 
the Deity is an animal that is everlasting and most 
excellent in nature; so that with the Deity life and 
duration are uninterrupted and eternal: for this con¬ 
stitutes che very essence of God.” (M’Mahon, 1910, 
p. 331). The passage in which this occurs is regarded 
by M‘Mahon as probably “the most lucid statement 
of Aristotle’s notions of the* Divine Nature of the 
Being and Attributes of God.” 

That God is a Zoon 9 everlasting and very 
good; and that Zoe is life co-enduring with 
God is surely deserving of special attention 
as indicating the remarkable contrast be¬ 
tween the Greek conception of animal and 
the well-nigh universal modern conception 
of it. 

In the light of what has been already 
presented in this essay, is it any wonder 
that Aristotle should find no place for his 
conception of tnultchtta in the reasoning 
these statements present? Surely, the con¬ 
ception of God as an animal in the sense 
that fish, bird, mammal, and man are spe¬ 
cies of the genus animal would be as con- 
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trary, even as repugnant, to the general 
spirit of the Aristotelian science and phi¬ 
losophy as to that of any system whatever 
of science, or philosophy, or ethics, or re¬ 
ligion. Yet rigid adherence to the cardi¬ 
nal principles of biology and logic, of both 
of which Aristotle is the acknowledged 
founder, would seem to commit him to 
just that conception. 

Such a passage makes one wonder whether it may 
have been written (or spoken?) long before its author 
had immersed himself in the study of living nature 
and of the psychical processes involved in the study, 
and that he never took it up again in earnest. The 
problem of the chronological order in which the Aris¬ 
totelian works were produced, to which experts arc 
now giving serious attention, shows its great impor¬ 
tance in such passages. 

If, then, my interpretation of Aristotle’s 
system of knowledge and thought, and 
especially of his conception of cntclccheta , 
is on the whole sound, the mental picture 
of the man and his system must be very 
different from that which seems to hang 
in the mental galleries of most of those in 
which there is any picture of him at all. 
Eor see what in barest outline such a pic¬ 
ture portrays: 

A man insatiably curious about, and 
determined to know and understand as far 
as possible, everything whether of earth or 
heaven. 

Committed to the gigantic task thus 
implied and attending greatly to the psy¬ 
chical activities involved in the task, the 
man pictured blocks out for the earth as a 
compound whole the domain of natural 
science with a comprehensiveness and, for 
living things, a detailed truthfulness that 
no one before him had remotely ap¬ 
proached. 

For all the earthy portion of the task, 
the pictured man recognizes with remark¬ 
able insight that interpretation of a whole- 
and-its-parts requires a conception for 
which he coins the term cntdechia , 


As to every aspect except one of the ter¬ 
restrial portion of the task, he is presented 
as satisfied that his new term is applicable. 
The exception he seems to feel concerns the 
jx>wer of reason as possessed by a single 
Hhiimal species, man. Here, seemingly 
after considerable perplexity, he decides 
that bis new term docs not apply. This 
powdtja too great, too precious, too divine, 
to be included even in man’s completeness 
as an earthly being. 

Finally when he who is pictured comes 
to the problem of the heavens, the celestial 
position of his task, he appears still more 
perplexed as to the status of his new con¬ 
ception. Now we seem to see him falter 
between two stupendous alternatives: (i) 
Must he conceive the heavens as the abode 
of Deity—yes, in ultimate essence very 
Deity itself—to be entirely unknowable, 
inaccessible, to earthborn man? Or, (2.) 
May he conceive the heavens and God not 
thus beyond the reach of man if man be 
conceived in one of his parts, his reason, 
to differ from himself as earthborn, in just 
the way requisite to give him the power of 
knowing God? 

In neither alternative, notice, could en- 
telccheia , earth-engendered as we have 
seemed to find it, be strictly and fully 
applicable. 

MODERNIZED ARISTOTELIANISM 

What, we may now properly ask, would 
be necessary to transform this mental pic¬ 
ture of the relatively little informed an¬ 
cient Aristotle into the picture of a modern 
man, enormously informed as he may be? 

C$ui there be serious doubt as to what the 
revised picture would show? Recur to the 
problem of the soul as Aristotle struggled 
with it—the problem of whether there 
arc three souls, or one soul with three 
parts, nutritive, sensitive, and rational. 
Examine this in the light of the principle 
of the wholc-and-its-parts which Aristotle 
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himself clearly saw in many of its aspects. 
Examine it also in the enormous addition 
of light from present-day anatomy, physi¬ 
ology and chemistry of nutrition and of 
stimulus-response and the higher and high¬ 
est mental activities. 

From such an examination conjoined 
with a firm grip on what Aristotle aimed 
at by his term entelecheia, the conclusion 
seems to me unescapable that no such giant 
intellect as his is essential to see that the 
complete reality of a man does include his 
attribute of reason regardless of how varied, 
or subtle, or mighty it may be. 

Now this is a way of saying that in in¬ 
venting the word entelecheia Aristotle saw 
conceptually farther into the nature of 
man than the meager factual knowledge 
he possessed seemed to warrant. 

Further, it is a way of saying that the 
dualism of Soul and Body, of Mind and 
Matter, as this has plagued much of human 
culture disappears when subjected to the 
joint light of the best Aristotelian thought 
and the best analytical results of modern 
research. 

But if the revised picture would portray 
one eagerly willing to include his own 
highest, most cherished powers among his 
earthborn possessions, even more would 
it portray one willing to include the heav¬ 
ens regardless of how divinely conceived, 
as inseparably linked with the earth to 
constitute the Grand Whole of Things. 
For reflect on what the astronomy, the 
physics, and the chemistry of our era have 
done to confirm objectively not only Aris¬ 
totle’s reasoned conclusion that “there is 
but one heaven,' * but that this one is by no 
means utterly cut away and different from 
mother earth. Had Aristotle possessed as 
much observationally verified information 
about the movements of the earth, the 
other planets, and the stars; about gravi¬ 
tation; about the chemical composition of 
the sun and other heavenly bodies; about 


the nature of light and heat; about the 
electro-magnetic conditions of the earth 
and the sun; and about radiation, as enters 
into the common knowledge of our day, 
it does not seem to me at all probable that 
he would have staked as much as he did on 
the nature of the heavens in contrast with 
the nature of the earth, in constructing his 
theory of the eternal and divine—in a word, 
his Theology, And this is equivalent to 
saying, according to the viewpoint of this 
essay, that under such conditions he would 
not have hesitated to conceive entelecheia 
(Complete Reality) in such a way that it 
would extend to both Earth and Heaven 
and all that in them is, man and all his 
powers by no means excepted. 

LIMITATION OF ENTELECHEIA 

But even though entelecheia would extend 
thus far it would not imply coexistence 
with, for instance, the Hebrew Yahvch 
or the Mohammedan Allah. For these 
names seem to have been designed to be all 
other Names above; Names, that is, that 
should designate Being and Power ade¬ 
quate for all needs, desires, and hopes of 
human hearts and heads. 

An extended discussion of the portion of 
Everything that extends beyond the mean¬ 
ing of entelecheia is for that very reason 
beyond the scope of this essay. One aspect 
of the problem may, however, be appro¬ 
priately noticed to the extent of a few sen¬ 
tences. 

It would seem that Everything What¬ 
ever would have to include all that now 
is, all that previously has been, and all 
that thereafter will or may be. In other 
words, All Existence thus conceived must 
be coextensive with Space and Time (as 
generally understood). Now due consid¬ 
eration for the principles of potentiality 
and actuality (and great consideration we 
have seen Aristotle giving them) seems to 
require the recognition that All Existence 
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Whatever would have to include not only 
all that has been or now is actualized of 
all potentiality, but all that might pos¬ 
sibly be actualized. But the concept of 
entelecheia really includes, according to 
our interpretation, only so much of po¬ 
tentiality as has been and is now being 
actualized. That is to say any potenti¬ 
alities that a body or situation may have 
that never become actualities would not 
be included in the concept. To illustrate, 
any potentialities a human infant may 
possess which never come to actuality even 
though a well-rounded three score years 
and ten or more may be lived, would not 
be included in the entelecheia of that indi¬ 
vidual. By this view the “complete 
reality*' of a human life, no matter how full 
of years and good deeds it may be, would 
not include those possibilities it had at 
the beginning that were never realized. 
Immeasurable (infinite?) potentialities or 
possibilities would therefore exist that 
would not come within the meaning of 
entelecheia , but would come within the seem¬ 
ingly intended meaning of the Divine. 

So it results that enormously meaningful 
and useful as entelecheia is for natural sci¬ 
ence and natural philosophy, it falls short 
of adequacy in its application to All Exist¬ 
ence Whatever. The “complete reality" 
of the concept is not complete enough, as 
one may say, to include fully that aspect 
of man’s response to nature for which in 
all his ages and cultural stages he has 
sought satisfaction, and to the summed-up, 
abstracted object of which he has given 
the name God in one or more of its num¬ 
berless synonyms and variants. The flood 
of stimuli from the external world that 
pour constantly upon us as raw material 
of emotional experience—how vastly this 
exceeds, we now realize, our ability to give 
rational, analytic attention to it in all its 
details! 

Accordingly for an adequate under¬ 


standing of man's response to Nature, espe¬ 
cially in the emotional moiety of that 
response, we must go elsewhere than to 
the teachings of Aristotle. Or, perhaps 
more exactly, for such understanding the 
Aristotelian teachings must be amended 
and extended to make them conform with 
the information and ideas concerning Na¬ 
ture embodied in the world-culture of our 
era. 

The presentation of what, so far as I 
have grasped it, the suggested amendment 
and extension would consist in, belongs 
to quite a different essay from this. Here 
a mere hint in that direction must suffice: 

In accordance with the psychologically well- 
recognized importance of distinguishing between any 
emotion as such, and the reasoned interpretation of 
that emotion, it turns out that the sharpest kind of 
distinction needs to be made between the mystic ex¬ 
perience just as an emotion and the rational explana¬ 
tion of that experience. For such an explanation 
constitutes a theory, or doctrine commonly called 
mysticism. So mysticism has no necessary connection 
with religious experience. 

That emotional state, which is basic to the so-named 
mystic experience, can be entirely identified with out 
sensory responses to Nature and our absolute depend¬ 
ence on Nature. It can be shown that almost cer¬ 
tainly the “sense of oneness with God,” of the de¬ 
voutly orthodox Christian; the “Substance,” one and 
eternal, of Spinozian philosophy; the “immediate ex¬ 
perience of the whole occurrence of Nature” of a pro¬ 
fessedly atheistic naturalist like John Burroughs; 
and “my mystic world lovely with trees and clouds 
and eddying streams I have never ‘seen’ " of sightless 
persons like Helen Keller, arc responses to nature not 
so much in its infinity of space and time as in its or¬ 
ganized completeness. By this interpretation Omni¬ 
potence is an attribute of Nature: Omniscience does 
not exist, because nescience is an attribute of a part only 
of nature, that is to say, of man. (Ritter, 1933 pp. 
18, 19.) 

Such an emotional-intellectual attitude 
toward Nature as that here sketched is one 
concomitant of the acceptance of the Uni¬ 
verse, the phrase being understood as in 
this second Foreword. 

Apparently this is the aspect of man's 
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response to nature that makes him “incur¬ 
ably,” as the expression has it, religious 
just as, from another aspect of his response, 
he is “incurably” curious and intelligent; 
also scientific and philosophic. 

That the world is vastly more indebted 


to Aristotle (and other Greeks) for logic, 
science, and philosophy, than it is for 
religion, should no longer stand in the way 
(as for centuries it has stood) of the world’s 
entering into the enormous benefits of that 
indebtedness. 
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INTRODUCTORY REMARKS 

T RIBOLIUM CONFUSUM , the 
flour beetle, possesses character¬ 
istics which commend it to the 
attention of experimentalists. It 
is cosmopolitan and easily obtainable; it 
has a moderately short life-cycle; it is 
hardy and requires no elaborate equip¬ 
ment for its maintenance; both adults and 
immature forms arc readily recoverable 
from the medium for study by a simple 
technique, and it spends its entire life-his¬ 
tory in various pulverized grains such as 
flour. As has been pointed out before, 
this latter feature is particularly advanta¬ 
geous in many kinds of experimentation 
since, with a total environment such as 
flour, considerable stability of both intra- 
and extramedium relationships can be ob¬ 
tained. By using similar flour in all ex¬ 
periments and by expressing this flour 
quantitatively in terms of weight and sur¬ 
face exposure, as well as surrounding the 
flour by as constant external conditions as 
obtainable, a total environment can be 
established which is relatively quite con¬ 
stant and reproducible. Despite these at¬ 
tractive requisites it is only recently that 
Tribolium has come to the attention of biol¬ 
ogists interested in theoretical problems. 
The economic zoologists have been vigor¬ 
ously aware of the existence of this form 
for many years and have done much in pro¬ 
viding data .on the general ecology of the 
species. However, past this point, these 
workers, possibly unfortunately, have 


seemed more interested in devising methods 
of exterminating the form than recom¬ 
mending it to the attention of experimen¬ 
talists. Babcock (1911), an early worker 
with Tribolium , used this beetle in studying 
the problem of metabolic water, finding 
the insect maintained a tissue water level 
about 40 per cent greater than the moisture 
content of an environment containing 10 
per cent water. Davcy (1917, *19), an¬ 
other early investigator, reported results 
showing that the length of life of these 
beetles could be prolonged if mass cultures 
received a small daily dosage of X-rays. 
Probably the principal credit in introduc¬ 
ing Tribolium as an experimental organism, 
however, belongs to R. N. Chapman who 
in 1918 reported on its life-history, in 1924 
on its nutritional requirements, and in 
1918 on its suitability for population study. 
These papers will be discussed at length 
later: it is only important at this point to 
remember that they emphasized the prac¬ 
ticability of Tribolium for experimental pur¬ 
poses by presenting a technique of hand¬ 
ling the beetles as well as actual data. 
Since Tribolium docs seem destined to merit 
more experimental attention, and since ex¬ 
perimentalists need a factual background 
about the animal of their endeavors, it 
seems permissible at this stage to review 
fairly completely certain details about the 
flour beetle in the hope that such a review 
will be helpful and possibly stimulating 
to future investigators in the field. With 
this in mind the following general topics 
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about Tribolium confusum will be dealt with: 
first, taxonomic and historical considera¬ 
tions including a brief discussion of closely 
related species; second, a review of the 
food relationships of the flour beetle along 
with discussions of certain nutritional 
problems; third, a detailed discussion of 
the life-cycle and its relation to environ¬ 
mental factors; fourth, a discussion of pro¬ 
ductivity (fecundity and fertility); fifth, a 
treatment of some of the obvious behavior 
reactions of the beetle from both a statis¬ 
tical and an observational viewpoint, in¬ 
cluding some original observations upon 
cannibalism, copulation, and defecation; 
sixth, notes on the parasites of Tribolium 
confusum ; seventh, a discussion of the tech¬ 
nique of culturing and studying populations 
of the flour beetle, and last, a summary. 
It should be pointed out that no attempt 
will be made to cite or deal with every 
paper which has been written on Tribolium. 
This would be futile and not pertinent to 
the problem at hand due, in part, to the 
economic nature of many of the reports. 
The emphasis will be placed on a discussion 
of those investigations yielding informa¬ 
tion most likely to be required by future 
workers confined primarily to experimen¬ 
tal research. 

TAXONOMIC AND HISTORICAL 

The genus Tribolium is a member of the 
Order Coleoptcra, Family Tcncbrionidac 
and sub-family Ulominac. The Tcnc- 
brionids arc commonly referred to as the 
‘Darkling beetles* and include such forms 
as certain fungus-beetles, the pinacatc- 
bugs, and the common meal worm Tenebrio 
molitor which has certain points of resem¬ 
blance to Tribolium . There are several other 
species of Tribolium besides confusum . The 
other common American form is Tribolium 
ferrugineum Fab. Doctor Good, of the De¬ 
partment of Agriculture, informs me that 
the latter species is probably more properly 


referred to as Tribolium castantum Hbst. 
These two American flour beetles seem to 
be remarkably similar in general structure 
and function. There are several criteria 
used by taxonomists in distinguishing the 
two from each other. T. ferrugineum = 
castancum possesses a distinct three-jointed 
antennal club while T. confusum has a gradu¬ 
ally enlarging club. Good (1933) points 
out the fact that the eyes of T. confusum , 
when viewed from the ventral surface, are 
smaller than those of the other species. 
The evidence at hand indicates that T. 
confusum has, in general, a more northern 
range of distribution than T. ferrugineum = 
castaneum . This paper will deal entirely 
with T. confusum largely because more is 
known of its general ecology. It should 
be emphasized, however, that the other 
species would probably lend itself as well 
to experimentation. 

At the present time the genus Tribolium 
is very widely distributed over the world. 
It is largely disseminated in grains trans¬ 
ported by commerce. The exact origin of 
the grain dwelling habit is not known but 
a probable interpretation is advanced by 
Good (1933: p. 32-8) who says, 

Almost without exception, the beetles of the sub¬ 
family Ulominac, of which Tribolium is a member, 
occur either as pests of stored products or else under 
the bark of trees and in rotting logs. It seems evident 
that all members of this group originally lived in the 
latter habitat and have recently adopted the flour- 
feeding habit. Two species of Tribolium, T. madens 
Charp. and T. indicum Blair, are found almost exclu¬ 
sively in such situations, and the two flour pests T. 
confusum and T. ferrugineum are themselves occasionally 
found there. 

Tribolium confusum was really first de¬ 
scribed unknowingly by Etienne Mulsant 
who, in attempting to improve upon the 
account of the already known Tribolium 
ferrugineum , published a description of con¬ 
fusum. However, since Mulsant thought 
he was simply rcdescribing T. ferrugineum 
his reference to confusum has been ne- 
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glected. The credit of the description 
has been ascribed to P. N. Camille Jac- 
quelin du Val who in 1868 recognized 
Tribolium confusum as a distinct species and 
published his account. Due to the fact 
that du Val’s (now commonly written 
Duval) description typifies much of the 
taxonomic work of his era it is considered 
permissible to append it below as it existed 
originally. 

(1) Tribolium confusum , Jacq. du V. 

T. ferrugineo simillimum , tt descripto ulterior super¬ 
vacua. Ab illo differt capite latiusculo , genii ad oculos 
destinctius angulatis , promt0 post ice leviter sed destincte 
sensim angustato, cum angulis posticis acutiusculis , inter- 
stitiis elytrorum paulo magis elevates et praesertim ant twits 
sensim elavatis, — Long. 0,0034-42- 

Jc dois ajoutcr pour completer la distinction des 
deux esp£ces cn question que, chez 1 c T. ferrugincum la 
t£tc n’est pas plus large que longue et off re des joues 
tr£s obtusement angulecs aupr£s dcs yeux, le pronotum 
cst 16 g£rcment et reguliircment arqu sure les edtes, n’est 
pas plus large ou mfime cst un peu plus 6troit cn avant 
qu’en arrtere et offre des angles post6rieurs droits, mais 
sans former dc pointc saillante, enfin les antennes sont 
tcrminccs par une massuc tres distinctc et asscz brusque 
de trois articles, tandis que chez le T. confusum la- 
massuc est inscnsiblemcnt formec par les 4 ou 5 der- 
nicr% articles. L’espicc que jc viens dec signaler se 
trouve confondue dans diverscs collections frangaises 
avee le T.ferrugineum, et a et6 decrite pour cette demise 
par M. M. Kustcr et Mulsant. La phrase suivantc, 
“Antennae articulis tribus perfoliatis," ins6rec par Fabri- 
cus dans son Supplementum Entomol. Syst. p. 179, nous 
fixe sur l’esp&ce de cct auteur. Le Colydium castaneum 
de Herbst appartient aussi £ n'en pas douter i cette 
derni&re. Quant £ Yips cinnamomea dc Herbst, la 
figure qu’en donne cct auteur d6montre que cc nc peut 
ttre un Tribolium ni m£mc £ mon avis un Tenebrionide.'' 
(p. 181) 

FOOD AND NUTRITION 

Tribolium confusum lives in almost any 
kind of flour, cracked grain, breakfast food 
or meal. A list of specific foods in which 
these beetles are found has been compiled 
by Chittenden (1896, 1897) and includes 
whole-wheat flour, bleached and unblea¬ 
ched white flour, bran, rice flour, rye flour, 
corn meal, barley flour and oat meal. Good 


(1933) a k° the beetles living in 

chocolate, spices (red pepper), various 
kinds of nuts, and sometimes feeding on 
specimens in insect collections. Chitten¬ 
den has found Tribolium in snuff, orris 
root, baking powder, ginger, slippery elm, 
peas and beans. The beetles are unable to 
feed on whole grains, as pointed out by 
Chapman (1931), because their mouth- 
parts arc not adapted for attacking large, 
hard pieces of food. Typically, the entire 
life-history of a Tribolium is passed within 
its original environment. 

Chapman (1918) has studied the relative 
susceptibility of wheat flour to the inva¬ 
sion of Tribolium in order to determine, as 
he states it, if there is any ‘preference* ex¬ 
hibited by adult beetles for specific flours. 
This investigator divided an experimental 
jar into five equal portions each containing 
a different kind of wheat flour which varied 
from finely ground flour (first middlings) 
to bran. These flours were in continuity 
with each other so that a beetle could pass 
from one type to another. Then adult Tri¬ 
bolium were introduced into the center of 
the jar, and, being surrounded by equal 
parts of the five types of cereals, were 
allowed to migrate. After a varying 
length of time the flours were examined 
and a census made of their beetle popula¬ 
tion. Chapman found that the bran con¬ 
tained essentially twice as many beetles 
as did the other media and concluded that 
these data indicated a preference selection 
on the part of Tribolium . In repeating the 
experiment with larvae no evidence of such 
a ‘preference* was found. Observations 
were also made with rice flour, rye flour, 
barley flour and com flour and the results of 
these experiments, in harmony with the 
first ones, indicated that the beetles were 
reacting, not necessarily to the richest food, 
but to the most coarsely ground medium. 
Chapman ingeniously tested this further 
by running a varying series of sawdusts 
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differentially ground and again corrobo¬ 
rated the fact that the beetles react posi¬ 
tively to the coarse material which they 
can enter readily and move through with 
facility. However, after the experiments 
had run a longer time it was observed that 
all of the flours, whether coarse or fine, 
were equally populated. This was due 
to the fact that the beetles eventually 
honeycombed the finely ground flour with 
tunnels and were then able to move freely 
through it. 

Chapman (192.4) reared Tribolium on 
various media and concluded, first, that 
microorganisms did not play an important 
part in their nutrition; second, that the 
nutritional requirements for growth, or 
increase in size, were less exacting than 
those for maturity or metamorphosis, and 
third, that wheat germ most closely satis¬ 
fied these physiological requirements. 
Sweetman and Palmer (192.8) investigated 
the vitamine requirements of Tribolium , 
and found that Vitamine B was necessary 
for their development. Their investiga¬ 
tions showed that the wheat embryo was 
a rich source of Vitamine B. The conclu¬ 
sion to be drawn on the basis of these ex¬ 
periments seems to be that flours represent 
a well balanced diet and that Tribolium is 
typically able to live in them with its 
complete nutritional requirements well 
satisfied. 

Under the caption of nutritional effects 
it might be interesting to mention briefly 
certain experiments of Holdaway (1933) 
dealing with the effect of starvation on sex 
ratio. This investigator subjected first 
instar larvae to different degrees of starva¬ 
tion as follows: the first group served as 
controls and were not starved; the second 
group received one day of starvation; the 
third group two days starvation, and the 
fourth group three days starvation. These 
experimental groups were incubated until 
the pupal stage was reached at which time 


sex was determined. The larvae starved 
one day exhibited a higher proportion of 
males than did the controls. This propor¬ 
tion did not exceed the limits of random 
sampling and can not be taken too seriously. 
However, the groups starved two and 
three days showed a statistically greater 
number of females than the controls. This 
was a significant difference. Holdaway 
shows that this alteration of sex ratio can 
not be explained on the basis of a differen¬ 
tial mortality existing between the sexes 
and concludes that the starvation is the 
critical factor. 

Certain other observations have been 
made on the physiological effects of vari¬ 
ous kinds of foods upon Tribolium and these 
will be discussed in later sections of this 
paper. 

METAMORPHOSIS AND LIFE-CYCLE 

Many references to the life-cycle of Tri¬ 
bolium confusum may be found in the litera¬ 
ture. Most of these reports are incomplete, 
abbreviated, and frequently incorrect. In 
most ways, the best statements on the sub¬ 
ject are those of Chapman (1918), Brindley 
(1930), Holdaway (193 l), and Good (1933). 
These papers all present the results of orig¬ 
inal observation and do not resort to the 
recopying of often erroneous textbook 
statements. In the present discussion on 
Tribolium metamorphosis and life-history 
the information will be drawn largely from 
these four papers. For a succinct account 
in German the papers of Zachcr (19x7, *33) 
and Kunike (1931) can be recommended. 
Other pertinent references are those of 
Chittenden (1896) and Dean (1913). 

As is typical with holometabolous 
insects, forms displaying complete 
metamorphosis, Tribolium confusum pos¬ 
sesses in its life-cycle, egg, larval, pupal, 
and adult stages. In order to clarify this 
discussion it is deemed wise to describe 
briefly these various types. 
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The eggs are ovoidal in shape when 
naked but usually appear somewhat irregu¬ 
lar due to the fact that they are surfaced 
with flour particles which adhere to the 
sticky egg membrane. Brindley (1930) 
reports the following egg measurements: 
mean width,. 40 mm., mean length, .64mm., 
with a standard deviation of .01 and .04 
mm., respectively. Chapman (1918) draws 
attention to the fact that the contour and 
general appearance of the eggs varies some¬ 
what according to the type of medium in 
which they are found. Thus eggs in finely 
milled wheat flour would appear smaller 
than those from coarser cereals. Stanley 
(1931) determined the mean moisture con¬ 
tent of 30,000 eggs and found it to be 44.9 
per cent. 

The eggs hatch into small, white larvae 
which measure, according to Brindley, on 
the mean 1.18 mm. in length, and 0.18 mm. 
across the head capsule. The first instar 
larvae weigh 0.018 mg. The moulting 
behavior of the larvae may be described 
in the words of Chapman (1918, p. 75) who 
says, 

• For at short time before each moulting, the larva is 
inactive and the body is large in proportion to the 
head. The skin splits dorsally over the head and 
thorax, and the larva emerges. It is at first white, 
like the larva of the first instar, but after twenty-four 
hours it takes on a yellowish color. Immediately 
after moulting, when the larva has expanded as a 
result of being freed from the old skin, it has often 
been observed to remain quiet for a time. 

An interesting question with regard to 
Tribolium metamorphosis is that dealing 
with the number of larval instars. Chap¬ 
man and Brindley, both reporting original 
observations, have noted that there arc 
six larval instars in the development. 
These writers measured the larval head 
width during the different instars and used 
this as a criterion of development: i,e., 
a certain head width indicated a specific 
larval stage. Good (1933) studied the 


number of instars by counting the number 
of exuviae (larval skins) deposited in the 
flour after each larval moult. This au¬ 
thor concludes (p. 331): the writer 

has determined that there is no fixed num¬ 
ber of larval moults, but that the number 
ranges from 6 to 11 or more and is normally 
7 or 8 instead of 6. This variation is due 
both to external conditions, such as food, 
temperature, and humidity, and to individ¬ 
ual characteristics entirely apart from 
external influences/' 

The larvae gradually increase in size 
with every moult: Brindley shows the 
fourth instar larvae, for example, to have 

TABLE 1 

Larval measurements of Tribolium confusutn. (Taken 
from Brindley by permission of the Ann. Ent. 

Soc. Am.') 


INSTAft 

AGE IN 
DAYS 

LENGTH 

HEAD 

CAPSULE WIDTH 

WEIGHT 

Average 

Standard 

devia¬ 

tion 

Average 

Standard 

devia¬ 

tion 



mm . 

mm . 

mm . 

mm . 

mg . 

I 

O 

1.18 

O.05 

O 

M 

OO 

0.01 

O.Ol8 

1 

3 

I.64 

O.II 

0.11 

O.O3 

O.O35 

3 

6 

I.38 

0.08 

0.19 

0.01 

O.II9 

4 

9 

3 - 2-3 

0.10 

0.40 

0.01 

O.33I 

5 

ii 

4.OO 

0.44 

o -53 

0.04 

I.O9 

6 

*5 

6.00 

0.70 

0.69 

0.03 

I.40 


a mean length of 3.13 mm., a head breadth 
of .40 mm., and a weight of .331 mg. The 
last instar larvae arc 6.0 mm. long, .69 mm. 
broad across the head, and weigh 1.4 mg. 
As the time for pupation advances these 
last instar larvae become more and more 
quiescent and contracted and finally pupate. 
An original drawing of a last instar larval 
form is appended as Figure 1. Table 1 
gives Brindley’s measurements of Tri- 
bolium larvae. 

The pupae of Tribolium are naked and, 
with the occasional exception of a slight 
abdominal movement, they are inactive. 
They arc whitish-yellow when first formed 
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but turn yellowish with age, being brown 
at the time of emergence. Brindley finds 
the pupae have a mean length of 3.46 mm., 
and a width of i.n mm. There is a tend¬ 
ency for the female pupae to be longer than 
the male. A question of great practical 
importance for experimentalists working 
with Tribolium is the method of determin- 



Fio. 1. Drawing op a Last Instar Larval Form 


ing the sex of the beetles. As far as is 
known, the only reliable external sexual 
characteristic for any stage is found in the 
pupal stage. When the ventral posterior 
'ends of the male and female pupae are ex¬ 
amined under low magnification this sex¬ 
ual distinction is obvious. On the ter¬ 
minal segment the female has a pair of small 


appendages whch arc reduced to indistinct 
elevations in the male. Figure z brings - 
out this distinction between the two sexes. 

Marshall (19Z7) has described the de¬ 
velopment of the compound eye of Tribol¬ 
ium confusum , and, since this is a contribu¬ 
tion to the metamorphosis of these beetles, 
it is considered wise to outline the essentials 
of this development here. The compound 
eye makes its first appearance in a late 
larval instar as a grouping together, in the 
eye regions, of a few hypodermal cells to 
form a spindle-like body. These cells are 
the visual cells and by increasing in size 
they form the retinula. At the distal end 
of this retinula four nuclei enlarge and, 
with their surrounding cytoplasm, become 
the crystalline cone cells. With develop¬ 
ment there is an increase in the size of these 
four cells and they eventually become the 
largest part of the ommatidium. In their 
growth they push the distal portion of the 
retinula away from the eye surface. At 
this stage there have been formed two dis¬ 
tinct pans to each developing ommatidium: 
a proximal portion consisting of the 
retinula, and a distal portion composed of 
the crystalline cone cells. Pigment is laid 
down first in the visual cells, then in the 
corneal cells, and finally in the cells be¬ 
tween the ommatidia. Each crystalline 
cone cell possesses a large clear space in its 
proximal part which is an anlagc of the 
crystalline cone. In Tribolium , however, 
this cone disappears during the pupal 
period and is absent from the eyes of adult 
beetles. Early in its development each 
ommatidium becomes convex over its 
exterior surface and pushes out the cuticula 
covering it. This is the start of the cutic- 
ular lens. The cells of the cornea lying 
between the ommatidia secrete cuticula 
which moves inwards to the crystalline 
cone cells and forces them from their orig¬ 
inal position. With this secretion of 
cuticula the lens development is completed. 
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A good idea of the proportions of Tribo¬ 
lium confusum adults may be obtained from 
.Figure 4. Brindley records their mean 
length as 3.4 mm., width across the thorax 
1.01 mm., mean male weight 1.48 mg., 
and mean female weight 1.78 mg. There 
seems to be a quite consistent tendency 
for the females to be larger than the males 
but there are enough exceptions to this fact 
to prevent the size of the adults from being 
used as a reliable criterion of sex. Im¬ 
mediately after emergence the chitinous 
exoskeleton of the adult beetle is soft; the 


four months. The present author has ob¬ 
served that the majority of individuals 
which successfully emerge and meet with 
no accidents live at least six months. 
This long life is, of course, frequently val¬ 
uable from the viewpoint of the experi¬ 
mentalist. 

Brindley (1930) has reported on the life- 
cycle of Tribolium confusum under carefully 
controlled conditions of humidity and tem¬ 
perature. This author subjected the bee¬ 
tles to a temperature of 19.7 0 C., and a rela¬ 
tive humidity of 73 per cent. His findings. 
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Fio. z. Terminal View of Male and Female Tribolium Pupae Showing the Sexual Characters 


forms are inactive, and are a light brown 
in color. In one or two days, however, 
the beetles have assumed the typical red¬ 
dish-brown color with the cxoskeleton 
quite hard. In very old Tribolium the 
adults are nearly black. Good (1933) 
reports observations on the longevity of 
adult Tribolium . This investigator ob¬ 
served 50 individuals and found 13 of them 
alive after 14 months of life. Dr. Good 
has informed the writer that of these 13, 
one male lived approximately three years 
nine months, another male three years 
eight months, and a third male three years 


as to the duration of the various stages, 
are recorded in Table x. These data bring 
out the fact that all of the larval stages are 
passed through rather rapidly except the 
last instar which is comparable in extent 
to the egg and pupal periods. As indi¬ 
cated by the standard deviation this last 
larval instar also displays the greatest time 
variation in its duration. It is interesting 
to note that this is related to the observa¬ 
tion of Chapman (1918) who points out 
that the last larval instar is more influ¬ 
enced by ecological changes, with respect 
to its duration, than any of the other 
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developmental stages. The average length 
of time required for the completion of a 
Tribolium life-cycle under Brindley’s con¬ 
ditions of temperature and humidity, and 
food is 30 days. These data of Brindley’s 
demonstrate that for a particular set of con¬ 
ditions, and a presumably in-bred stock, 
the variation in the length of the cycle is 
surprisingly small for observations based 
on 100 different individuals. It would be 
erroneous to generalize, however, that 30 
days represents the usual length of the 
cycle. Good (1933), to illustrate, shows 
that the length of the cycle varies, for one 

TABLE 1 

Length of the stadia of Tribolium. (Taken from Brindley 
by permission of the Ann. Ent. Soc. Atnerf) 


LENGTH OF STAGES (IN DAYS) 


STAGE 

Mini¬ 

mum 

Maxi¬ 

mum 

Average 

Standard 

devia¬ 

tion 

E g« . 

5 5 

5-5 

5-5 

0.00 

1st. instar. 

1.0 

1.0 

1 0 

0.00 

md. instar. 

1.0 

3 ° 

3.0 

O.03 

3rd. instar. 

1.0 

3 *° 

2- 5 

O 68 

4th. instar. 

1.0 

3 -o 

2>-7 

°-55 

3th. instar. 

1.0 

3 -o 

1.8 

0.36 

6th. instar. 

5 0 

7 -o 

5-5 

0.71 

Pupa. 

6.0 

7.0 

6.i 

0.44 

Totals. 

16.5 

33 5 

30.1 



thing, according to the food the larvae 
feed on. At Z7°C., this writer finds that 
the larval period lasts 31 days when the 
forms had been reared on middlings as 
compared to 89 days when the larvae had 
been raised in white flour. The latter 
observation differs from the experience of 
the present author, however, since, in white 
patent flour at a temperature of z8°C., and 
a relative humidity of approximately 50 
per cent, an entire life-cycle from egg to 
adult is completed in about 50 days. The 
cycle becomes longer as the temperature 
lowers. Good reports that Tribolium 


adults spend the winter in unheated Mary¬ 
land flour mills in a semi-dormant condi¬ 
tion, resuming breeding as the spring 
approaches. The larvae and pupae do not 
seem so able to withstand low tempera¬ 
tures as do the adults. Chapman (1931) 
reports that Tribolium adults die in a few 
weeks if subjected to a temperature as low 
as 7°C., indicating their inability to assume 
a true dormancy. On the basis of experi¬ 
mentation (Chapman, 1931; Chapman and 
Baird, 1933; Stanley, 1932.) the relation of 
temperature to the length of the life-cycle 
can be summarized as follows: at 3z°C., 
the development from egg to adult is passed 
through in about 2.7 days; at Z7°C., in about 
37 days, and at zz°C., in about 93 days. 
These figures were all obtained under 
constant conditions of humidity (75 per 
cent) with whole wheat flour used as food. 

An essential point to be emphasized 
about the life-cycle of Tribolium confusum 
is that it must be expressed relative to the 
specific environmental conditions obtain¬ 
ing at the time of observation. Although 
no actual data are available as yet it is most 
probable that the duration of metamor¬ 
phosis also varies according to the genetic 
pattern of the beetles as well as with the 
surrounding ecological conditions. 

Holdaway (1932.) has reported at length 
upon the effects of atmospheric moisture 
on Tribolium. This author deals with the 
following aspects of the subject: first, the 
effect of humidity on the size of adult pop¬ 
ulations; .second, the rate of population 
growth as related to humidity; third, the 
effect of change of humidity on population 
equilibrium; fourth, the relation of hu¬ 
midity to the rate of development and the 
viability of the various metamorphic 
stages, i.c., physiological effects of humid¬ 
ity, and last, the importance of humidity 
in affecting entire populations. Holdaway 
finds adult Tribolium increase in numbers as 
the humidity increases from 15 per cent to 
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75 per cent. In his experiments there were 
9.5 beetles per gram of flour at 15 per cent 
R. H., 11.4 beetles per gram of flour at 50 per 
cent R. H., and 15 per gram of flour at 75 
per cent R. H. Above 75 per cent the num¬ 
ber of adults declines due to the develop¬ 
ment of fungus in the flour. The author 
also noted that the adult populations kept 
at 75 per cent R. H. had a faster growth 
rate than those at lower humidities. By 
taking, for example, an asymptotic popu¬ 
lation of adult beetles characteristic of a 
15 per cent humidity environment (9.5 
beetles per gram of flour) and subjecting 
this same group to a humidity of 75 per cent 
the population assumed the concentration 
typical for a 75 per cent humidity (15 
beetles per gram of flour). This indicates 
that the effects of humidity on the life¬ 
cycle arc probably not irreversible in nature. 
In studying the relation of humidity to 
viability of immature stages Holdaway 
found that, in general, more eggs hatched 
in low humidities than in high. On the 
other hand, the larvae showed a greater 
survival in the high humidity environ¬ 
ments with the optimum at 75 per cent. 
*The pupae had coefficients of survival simi¬ 
lar to those of the eggs since more pupae 
failed to develop as the surrounding at¬ 
mospheric moisture increased. A con¬ 
sideration of the effect of humidity on rate 
of metamorphosis showed that the eggs 
and pupal stages were little influenced by 
humidity conditions while the larvae de¬ 
veloped more rapidly as the humidity in¬ 
creased from 15 per cent to 75 per cent. 
Holdaway investigated the influence of 15 
per cent, 50 per cent, and 75 per cent rela¬ 
tive humidity on oviposition and con¬ 
cluded that no apparent effects were dis¬ 
cernible. A further statistical analysis of 
his data (Table XV, p. 196)* however, 
suggests that the fecundity rate is signifi¬ 
cantly higher for beetles in a 50 per cent 
humidity environment when compared 


with those in 15 per cent. The females in 
75 per cent humidity also produced signifi¬ 
cantly more eggs than those in 15 per cent. 
When the females of the 50 percent environ¬ 
ment were compared with those in the 
75 per cent environment there was a sug¬ 
gestion (1.9 times the standard error) that 
the former were ovipositing more rapidly. 
The effect of humidity on oviposition can 
not be considered definitely closed at the 
present time. 

As an elaboration of the life-cycle of 
Tribolium confusum it might be well to de¬ 
scribe briefly some of the facts known as to 
the growth of entire populations of these 
forms. Chapman (192.8) has experimen¬ 
tally approached this problem with inter¬ 
esting results. This author set up six 
environments of whole-wheat flour which 
increased in size geometrically. The en¬ 
vironments consisted of 4, 8, 16, 3Z, 64, 
and 12.8 grams of flour. Adult Tribolium 
were introduced into these environments 
to provide initially one beetle to each two 
grams of flour. Thus the four gram cul¬ 
ture contained one pair of Tribolium , the 
eight gram culture two pairs, the 16 gram 
culture four pairs, the 3Z gram culture 
eight pairs, the 64 gram culture 16 pairs, 
and the iz8 gram culture 3z pairs. Counts 
of the number of eggs, larvae, pupae, and 
adults were made at various intervals in 
order to sec how the total population was 
increasing relative to environmental size. 
The essential point of the data, as em¬ 
phasized by Chapman, was that after a 
period of approximately 100 days the popu¬ 
lations all reached an equilibrium which 
was similar for all the environments when 
measured in terms of beetles per gram of 
flour. In other words, the culture of iz8 
grams of flour with its initial population 
of 3Z pairs of beetles, although much 
larger after 100 days in terms of total num¬ 
ber of individuals, contained essentially the 
same number per gram of flour as did, for 
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example, the 4 gram-i pair unit. Chap- since, although thousands of eggs may 
man calculated this equilibrium point be present in the environment at any one 
attained by Trtbolium, under these specific time, only some of them escape being eaten, 
conditions of temperature, humidity and It is this eating of eggs, which is directly 
kind of flour, to be 43.97 ± x.88 individ- proportional to the population concentra- 
uals per gram of flour. Chapman con- tion, that maintains the equilibrium of 
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Fig. 3 . Population Growth op Tribouum Confusum at L 7 °C., and 75 % Relative Humidity 
(Taken from Stanley, 1931 , Canadian Journal of Research, 6 , p. 668 , by permission) 

siders this equilibrium to be the result of the total number of individuals. Nichol- 
the interplay between the capacity of the son (1933: p. 140) criticizes Chapman’s 
species to reproduce (Biotic Potential) and method of calculating 'environmental re- 
the resistance of the environment. The sistance’ as follows: 

author concludes that cannibalism is a .... Having experimentally determined the den.ity 
most important factor in this resistance of Trihlim confusum under certain conditions, he pro- 
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ceeds to calculate environmental resistance by means 
of his formula. A glance at this example (p. no) 
shows that the only use made of the experimentally 
determined density is to multiply both sides of the 
equation by it. Clearly the result is independent of 
density, and Chapman’s hypothesis completely fails 
to deal quantitatively with animal populations. 

Gause (1931) analyzed the data of Chap¬ 
man and showed that the Tribolium popula¬ 
tions grew according to the well-known 
logistic curve of Verhulst (1838) and 
Pearl (192.5). Figure 3, taken from Stan¬ 
ley (1931), shows the varying numbers of 
eggs, larvae, pupae and adults present in 
active Tribolium populations incubated at 
2-7°C., for a period of 170 days. Chapman 
(1933), in a pre-publication abstract, calls 
attention to the fluctuation of numbers in 
Tribolium populations. This investigator 
has carried on four separate populations 
for nearly two years and has demonstrated 
a synchronous fluctuation of their numbers. 

Alice (1931, 1934), Mac lag an (1932.), 
and Park (1932-, 1933) ^ave shown that 
in early stages of population growth there 
may be an optimal population size for 
growth which is larger than the initial 
minimum beetle concentration and smaller 
than the initial maximum beetle concen¬ 
tration. Allee has related these observa¬ 
tions to the beneficial effects frequently 
resulting from crowding. Maclagan and 
Park have presented analyses as to the 
casual factors involved with a discussion 
of these two theories by Park (1934). 

PRODUCTIVITY 

One aspect of the general biology of 
Tribolium confusum of obvious importance 
to experimentalists is the question of pro¬ 
ductivity. This can be interpreted as deal¬ 
ing with both oviposition, or fecundity, 
and fertility, or percentage of egg hatch. 
It is only recently that data have been 
reported on these considerations and much 
still remains to be done. Good (1933) 


reports a series of interesting observations 
on oviposition which arc valuable since 
they record the number of eggs produced 
by females during the entire period of their 
egg-laying life. This period, according 
to Good, may last as long as 14 months, 
the average being approximately nine 
months. During this time a female 
Tribolium normally lays 400 to 500 eggs, 
although records of nearly a thousand eggs 
are not unknown. With regard to egg 
fertility Good reports that about 90 per 
cent of these eggs hatch. Brindley (1930) 
obtained oviposition data for ten newly 
emerged Tribolium pairs and found, as 
might be expected, that these young fe¬ 
males oviposited at a much higher rate 
during this limited period than did the 
forms used by Good who obtained long¬ 
time records. Using Pearl’s (192.2.) ‘rate 
per female per day* method of measuring 
fecundity, Brindley reports, for this ten 
day period, an average of about 11 eggs 
per female per day with occasionally as 
high as 18 eggs being produced in a single 
day. These rates are higher than those 
of Chapman (1918) or Park (1932., ’33) 
who also worked with young females over 
a short period of observation. One reason 
for this discrepancy is undoubtedly, as 
Brindley points out, the fact that he re¬ 
moved his adult beetles daily and intro¬ 
duced them into fresh flour thus essentially 
eliminating the eating of eggs by adults. 
In addition, other factors, both genetic 
and ecological, arc quite conceivably oper¬ 
ating in this case. As a general example, 
temperature has been demonstrated to 
affect oviposition. Stanley (1931) sum¬ 
marizes certain data of Chapman on the 
effect of temperature on egg-laying. At 
n°C., the mean oviposition rate per female 
per day was 1.9 eggs; at 2-7°C., 6.24 eggs, 
and at 3X°C., 10.73 eggs. These arc all 
significant differences and clearly indicate 
the relation of moderate temperature varia- 
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tions to fecundity. Park (1931, *33), in 
studying population problems, had occa¬ 
sion to repeat frequently a standard ex¬ 
periment in which either one pair of young 
adult Tribolium or else a single fecundated 
female spent eleven days in 31 grams of 
patent flour at i8°C., with egg counts 
made at the end of that time. As a further 
contribution to the question of Tribolium 
productivity all cases falling within the 
above experimental type have been col¬ 
lected from the data of both papers and arc 
biometrically presented in Table 3. These 
rates are, on the mean, slightly higher than 
those presented by Good but much lower 
than those of Brindley and Chapman as 

TABLE 3 

E&& productivity rates of Tribolium confusum (237 cases 
calculated from the data of Park , 1932, ‘33) 


Maximum number of eggs after 11 days 

incubation. 63. eggs 

Minimum number of eggs after 11 days 

incubation. o. 

Mean number of eggs after 11 days in¬ 
cubation. 38.9 ± .64 

Median number. 31.1 rt .80 

Standard deviation. 14 8 ± .45 

Coefficient of variation. 38% ±1.17 

Mean rate per female per day. 3.5 


reported by Stanley (1931). It should be 
emphasized that in these experiments no 
attempt was made to eliminate cannibalism: 
the rates presented here are not therefore 
sensu stricto absolute fecundity rates but 
simply measure the eggs remaining in the 
population after some have been consumed. 
The emphasis here was placed upon the 
study of natural populations in which egg- 
eating is an important function. Park used 
patent flour in his experiments while Chap¬ 
man and Brindley used whole-wheat flour. 
Good (1933) has shown that the kind of 
flour influences egg laying. At i7°C., in 
whole-wheat flour he found the mean egg 
rate per female per day was 1.43 eggs; in 


bran, 1.16 eggs; in oatmeal, 1.04 eggs, and 
in white patent flour, 0.58 eggs. There 
is, in all probability, no real discrepancy 
between these data and those of other au¬ 
thors since the experimental conditions 
and procedure have been different with 
various ultimate aims in mind. On the 
other hand, there seems to be no patent 
biological reason why these rates and 
those obtained by Chapman and Brindley, 
who worked with different stocks and in a 
different location, should necessarily closely 
approach the same constant figure. This 
argument is further substantiated by the 
investigations of Good (1933) who ob¬ 
tained oviposition rates much lower than 
those of Chapman. It should be indicated 
that Good purposely ran his experiments 
over a long period of time and the rates 
he obtained may have been influenced by 
aging on the part of the beetles. On the 
other hand Good removed the adults from 
their flour daily so that egg-eating ef¬ 
fects were minimized. About oviposition 
Good says, “The number of eggs laid per 
day is not large. In no case were more than 
13 viable eggs laid in one day by a single 
female, and the average was only 1 or 3 
per day. Under optimum conditions 
Brindley records 18 eggs in one day and a 
much higher daily average than is indi¬ 
cated here.” (p. 330) 

As can be seen from the standard devia¬ 
tion of Table 3, these particular egg-rates 
of Tribolium vary considerably between 
individual even when experimental con¬ 
ditions are quite closely controlled. These 
data do not, of course, indicate whether 
the egg-laying and egg survival variation 
is due to non-controlled ecological factors, 
or to genetic differences between the beetles. 
Presumably both types of factors arc operat¬ 
ing. It is a common observation that one 
female may have a high oviposition rate 
which persists throughout a considerable 
portion of that individual's life, while 
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another female, under as nearly similar 
conditions as can be obtained, has a con¬ 
sistently low oviposition rate. Facts such 
as these seem to indicate that the genetic 
constitution of the beetle in question is an 
important factor in fecundity as well as are 
ecological influences. With respect to egg 
fertility Park (1933) found that about 90 
per cent of the eggs produced larvae pro¬ 
viding they were laid by a female who had 
experienced more than a single initial copu¬ 
lation. Park also reported the oviposition 
rate of young virgin Tribolium females show¬ 
ing it to be much lower (about 2.0 times) 
than that of fecundated individuals. 

An interesting, but anticipated, feature 
of Tribolium oviposition is that it is affected 
by certain environmental influences such as 
kind of flour, possibly humidity (Holda- 
way, 1932.), temperature, conditioning of 
the flour by beetles living in it (Park, 1934), 
as well as population density relationships. 
Facts such as these where such a major func¬ 
tion as reproduction can be shown to be 
sensitive to experimental changes enhance 
the value of the form for study. More 
work on this general subject seems forth¬ 
coming judging from advance abstracts 
presented by Chapman (1933) and Chapman 
and Baird (1933). 

CERTAIN ASPECTS OF TRIBOLIUM BEHAVIOR 

Certain observations on the behavior of 
Tribolium may be of interest. From com¬ 
mon laboratory experience it is obvious 
that the adults are photo-negative: i.e., 
they loosely cluster in shaded portions of a 
container when subjected to direct light. 
In connection with their behavior to light 
it is instructive to know that Tribolium cul¬ 
tures can be maintained indefinitely in 
complete darkness as Chapman (1931) has 
noted. These beetles also react nega¬ 
tively to gravity and when located on a 
nearly vertical surface crawl to the top 
of the container. This gravity reaction 


seems to be markedly displayed, however, 
only when the beetles arc not located in 
some kind of solid culture medium. In 
the latter medium the tendency to vertical 
stratificaton, at least in small environ¬ 
ments, is slight. 

In moving through the flour the beetles 
seem to employ only trial and error methods 
since their movement appears quite at 
random. This fact is possibly implied in 
the common name of the form, the ‘con¬ 
fused* flour beetle, and has been observed 
a number of times. Stanley (1932., 1932^), 
working with Tribolium populations math¬ 
ematically, makes the random move¬ 
ment one of his fundamental premises. 
Park (1933) has shown how the adults of a 
single colony of Tribolium were distributed 
entirely at random. This type of move¬ 
ment seems to be the logically expected 
one since such an environment as flour 
would probably limit the efficient operation 
of such senses as visual and olfactory. 
This is substantiated by Chapman’s (1931) 
observation that Tribolium exhibits rela¬ 
tively little olfactory selection of food. 
Although all the evidence points to com¬ 
plete random movement by Tribolium in 
flour, at this stage, however, it can not 
be too dogmatically asserted that the 
beetles never exhibit any directed motion. 

The fact that adult and larval Tribolium 
practice cannibalism has been reported by 
several authors. It is known that eggs, 
early instar larvae, and pupae are consumed. 
Chapman (1918) emphasized the importance 
of the egg-eating behavior in the main¬ 
tenance of population equilibrium. Park 
(1933) experimentally obtained egg-eating 
rates by introducing a single adult beetle 
into an environment of 31 grams of flour 
which contained initially 30 eggs and mak¬ 
ing counts of these original 30 eggs after 
11 days of incubation. It was found that 
virgin females, fecundated females, and 
males had a statistically similar egg-eating 
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rate as tested by this experiment with the 
mean number of eggs eaten for the period 
approximately seven per beetle. It is to 
be expected, of course, that with other 
types of experiments these rates might 
change relatively. 

Outside of these statistical approaches 
to the study of cannibalism, however, 
there seems to have been little done on the 
observational side. It might be interesting 
at this point to resort to natural history 
and describe the behavior of an adult TW- 
boliutn in the process of eating an egg. It 
is impossible, naturally, to observe the 
beetle eating an egg when both are covered 
with flour. Therefore, an observation 
container was fitted up which consisted of a 
petri dish lined with filter paper containing 
a number of eggs and several adult Tri- 
bolium. To facilitate the observation of 
details the whole dish was placed on the 
stage of a low powered binocular micro¬ 
scope and the beetles examined through 
this magnification. In this dish the beetles 
move at random without any visible refer¬ 
ence to the eggs. They occasionally walk 
over them or roll them to one side as they 
move about but seem to engage in no defi¬ 
nite preliminaries previous to the actual 
consumption of the egg. It is not clear 
exactly which senses arc employed in the 
location of a specific egg which is to be 
eaten. Presumably both visual and tactile 
senses aid the beetle in its reaction. In 
eating the egg the Tribolium follows a 
rather definite behavior pattern. The egg 
is grasped between opposing surfaces of 
the tarsal joints of the prothoracic legs 
with the tarsal claws usually puncturing 
the egg membrane. While the egg is 
being thus grasped the prothoracic legs are 
extended forward so that the femur and 
most of the tibia of both legs parallel the 
longitudinal axis of the body and may be 
partly covered by the head. As a result 
of this leg movement the part of the egg 


proximal to the beetle is brought into 
contact with the mouth parts. By means 
of mirrors it was possible to observe the 
mouthparts in action. The short, horny 
mandibles seem to function primarily in 
fragmenting particles from the egg while 
the maxillae and maxillary palpi aid in 
this fragmentation and also work the ma¬ 
terial into the mouth proper aided by the 
labium and labial palpi. The eating of the 
egg is facilitated by the fact that upon 
puncturing the egg membrane the fluid con¬ 
tents coagulate and, mixing with the 
flour which adheres to the external surface 
of all Trtbolium eggs, produces a mixture 
of sufficient consistency to be handled by 
a form possessing biting mouthparts. As 
the beetle consumes the egg the prothoracic 
legs pull the remaining portion posteriorly 
so that it always approximately maintains 
its same position relative to the mouth. 
The mesa- and metathoracic legs usually 
brace the beetle by extension to the 
side and back. A general representation 
of the beetle eating an egg is depicted in 
Figure 4. It is not the purpose of this 
description to suggest that the behavior 
described is a fixed and non-variable one, 
for this would be fallacious. This report 
docs describe, however, the typical chain 
of events as they were observed during the 
reaction. A beetle can completely con¬ 
sume an egg in fifteen minutes, although 
frequently it may take much longer. 
Quite often a Trtbolium may leave an egg 
before it has been completely eaten. When 
the observation tray was covered with a 
thin layer of flour the egg-eating behavior 
remained unchanged. 

Another behavior reaction of probable 
interest to experimentalists is the copu¬ 
lation one. The importance of copulation 
in certain Tribolium populations has al¬ 
ready been reported by Park (1933) where 
it was demonstrated that, up to a certain 
point, the fecundity and fertility of Tri- 
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bolium females was increased by repeated both as to its extent and nature. Often a 
copulations. Copulation seems to be a male may follow a female and, attempting 
frequently practiced behavior among Tr/- to mount her with no success, eventually 
bolium as both statistical and observational cease his activities. Again the two sexes 
data show. There do not seem to exist, may meet and copulate without any visible 
however, any particularly elaborate or preliminaries at all. In mounting the fc- 



Fio. 4. Drawing Showing an Adult Tribouum Eating Onr op Its Own Eggs (from life) 


unvarying behavior reactions associated male the male beetle clasps her with all 
with the process. Males can occasionally three pairs of legs extending them around 
be observed to attempt to mount other the ventral surface of her body. The male 
males. This suggests that sex recognition lies somewhat posteriorly on the dorsal sur- 
is not highly developed among these forms, face of the female so that his head coin- 
The pre-copulation behavior varies greatly cides with the thorax of the female. This 
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allows the terminal end of the male’s ab¬ 
domen to project out behind that of the fe¬ 
male. The chitinized penis is then pro¬ 
jected downward and forward making 
contact with the vagina which is but 
slightly extruded. When this connection 
has been effected the seminal fluid, a mucous- 
like, slightly milky appearing secretion, 
enters the vagina. As far as the author’s 
personal experience is concerned the mating 
pair may remain united for as long a period 
as fifteen minutes or, conversely, the copu¬ 
lation may be consummated within a space 
of two or three minutes time. During the 
copulation the females are sometimes ob¬ 
served to move about rapidly and at other 
times to remain motionless. Frequently 
the male completely withdraws the penis 
but remains clasped to the female and in¬ 
serts it again after a varying length of time. 

A brief comment might be made about the 
defecation of Tribolium adults. This was 
observed by means of the same type of ob¬ 
servation apparatus used in studying can¬ 
nibalism. Defecation seems to be a rather 
frequent process judging from the accumu¬ 
lation of fecal matter on the filter paper. 
The feces are well formed, ovoidal in shape, 
and vary in color from almost colorless, 
through various degrees of green, to a dark 
black. The beetles observed had all been 
fed upon patent flour. In defecating a 
single pellet is usually extruded. In the 
cases observed this is rather quickly done. 
The beetles may defecate either while 
moving or quiescent. 

Another behavior reaction may be men¬ 
tioned since, although infrequent, it is of 
considerable biological interest. Chap¬ 
man (1916) noted that when aggregated 
Tribolium adults were stimulated by rub¬ 
bing they emitted a rather pungent gas, 
“ . . .. which smells not unlike an alde¬ 
hyde. It irritates the mucous membrane 
of the nose and turns flour and certain 
other materials pink, and in high conccn- 
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tration, affects the eyes.” (p. 195) When 
the larval and pupal forms of Tribolium 
were subjected to the gas Chapman ob¬ 
served that in about 10 per cent of the cases 
abnormal forms were developed. The 
mature larvae emerged with a combina¬ 
tion of larval and pupal structures and the 
pupae emerged as adults displaying some 
deformity. Chapman concludes that the 
development of these monsters is associ¬ 
ated in some manner with the gas produced 
by the beetles when the latter are irritated 
by some unusual stimulus. The control 
larvae and pupae not subjected to the gas 
showed no incidence of this atypical meta¬ 
morphosis. Doctor John Stanley (per¬ 
sonal communication) has advised me that 
there is some evidence that the gas, along 
with certain fluids found in Tribolium , may 
be irritating to man resulting particularly in 
gastric disorders. He advocates discretion 
in the handling of the form for this reason. 

Adult Tribolium confusum possess fairly 
well developed wings which leads to the 
question concerning their ability to fly. 
Good (1933) reports that he has never 
observed Tribolium confusum fly or even 
attempt flight. According to this author, 
however, the closely related species, Tri- 
boliumferrugineum=castaneum , frequently at¬ 
tempts to fly and, when stimulated by a 
strong light, occasionally makes short 
flights of a few feet. Holdaway (1932.) 
reports that on one occasion only has he 
observed Tribolium confusum fly and that 
was when-the form had been stimulated by 
high temperature. The present author 
has never observed flight on the part of 
these beetles. 

Adult frequently practicedeath- 

feigning or letisimulation. In handling 
the beetles the author has often observed 
them draw in the legs and remain com¬ 
pletely quiet despite the fact they were 
being moved about. This reaction is of 
short duration, however, a few seconds 
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at the most, and the forms soon become 
active irrespective of outside stimulation. 

TRIBOLIUM PARASITES 

Good (1933) reports the occurrence of 
two mites Acaropbenax tribolii Newstead 
and Duval and Pediculoides ventricosus New¬ 
port, and a bcthylid (parasitic wasp), 
Rbabdepyris %eae Waterston as parasitic 
on Tribolium. This author states that 
these three forms arc not very effective in 
controlling the beetles. Doctor Clay G. 
Huff, of the University of Chicago, and 
the present author studied a case of in¬ 
ternal parasitism in Triboltum confusum 
which arose in the stock cultures. The 
parasites seemed to have their effect upon 


used. Standard glass battery jars about 
15 x 19 cm., are convenient and economical 
and may be stacked in incubators with a 
minimal loss of space. Many kinds of 
food can be used for breeding the beetles 
and most of the Triboltum workers seem to 
have favored whole wheat flour. Since 
the wheat husks so frequently resemble the 
larvae and since they (the husks) do not 
pass through fine meshed sieves it is advis¬ 
able to use a flour which has these seed- 
coats removed. The present author uses 
'Ccrcsota* a non-bleachcd, commercial, 
white patent flour. It is preferable to 
keep the stock jars in constant temperature 
incubators at a temperature between uf C. 
and 3o°C. The humidity can either be 



x, belt wheel; 1, driving wheel; 3, driving rod; 4, flour sieve; 5, flour sieve holder; 6, removable collecting tray 


the pupal stages since the latter, when 
parasitized heavily, grew dark in color 
and failed to emerge as adults. Histologi¬ 
cal preparations were made of the pupae 
and the parasite studied. The conclusion 
was reached that this form was a coelomic 
coccidian probably belonging to the genus 
Adelina and previously referred to by Riley 
and Krogh (1911) and White (1913). The 
latter writer mentions that infected larvae 
and adults, as well as pupae, frequently 
die of the disease. Gregarines are also re¬ 
ported as infesting Tribolium confusum . 

TECHNIQUE 

In culturing stock Tribolium populations 
practically any type of receptacle may be 


accurately controlled or may be allowed to 
vary between 40 and 75 per cent. In order 
to maintain the stocks at asymptotic con¬ 
centration it is necessary to change the flour 
frequently as Park (1934) has demonstrated. 

A census can be taken of infected flour 
by passing it through fine meshed standard 
silk bolting cloth. Chapman (1918) used 
different meshed cloths and found that 
number 9, for example, would not pass 
any of the Tribolium stages but would per¬ 
mit finely milled flour to go through; num¬ 
ber 3 separated eggs and larger larval stages 
from the flour; number 000 passed all eggs 
and larvae except the last instar forms, etc. 
Thus by using bolting cloth sieves of a 
specific mesh Tribolium stages may be re- 
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tained for counting as desired. To facili¬ 
tate the sieving of the flour the author uses 
an electrically driven sifting apparatus 
constructed for him by Mr. M. E. Carson, 
Whitman Laboratory, University of Chi¬ 
cago. This apparatus (Fig. 5) simply moves 
a framed piece of bolting cloth back and 
forth over a removable tray and separates 
the desired beetle stages from the flour 
which collects in the tray below. There 
is evidence to show that shaking affects 
adversely the oviposition of adult Tribolium 
(Stanley, 1932.)- For this reason, it is 
desirable to gently remove the adult beetles 
from the experimental flour before sifting 
is started. The beetles may be handled 
with brush or spatula. 

SUMMARY 

The twofold purpose of this paper has 
been to point out the desirable features 
exhibited by Triboltum confusum Duval for 
experimentation, and to present informa¬ 
tion about the general biology of the form 
which might be useful to present and future 


investigators. At the present time most 
of the Triboltum experimentalists are using 
the flour beetle in population studies. 
This is, of course, easily understood since 
the form is admirably suited for studies of 
this type due to the homogeneity and re¬ 
producibility of its environment. Many 
population problems remain to be solved 
here, however, and future work is to be 
encouraged. On the other hand, Tribolium 
does not seem limited to population studies 
alone; investigations on nutritional, radi¬ 
ation, behavior, metamorphosis, and pos¬ 
sibly genetic problems can be approached 
by the use of this organism. 
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of this paper. To Professors Raymond Pearl and W. C. 
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nent citations, and to Doctor R. G. Schott for his 
efficient preparation of the text figures. My thanks 
are due Doctor Newell Good, of the Department of 
Agriculture, for advice and permission to use unpub¬ 
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FOREWORD 

HE following paper was left in manuscript 
form by my colleague, the late Dr. Ernst 
Huber. A greatly condensed and abbreviated 
digest has already appeared (in chapter III 
of “Evolution of Facial Musculature and 
Cutaneous Field of Trigeminus. Parti,” Quarterly 
Review of Biology, vol. 5, pp. 133-188, 1930). Dr. 
Huber had intended that, before publication of the 
present contribution, he would include full discus¬ 
sions of the corticospinal tract in the various mam¬ 
malian groups, but this plan was never completed. 
As it stands, the paper is practically as written by Dr. 
Huber, although I have made certain changes that 
seemed desirable. I have also attempted to include 
some of the more recent literature dealing with the 
motor cortex, and am entirely responsible for the dis¬ 
cussions of those investigations published since 192.9. 
The part dealing with man was lost by Dr. Huber and 
has been rewritten by me in accordance with notes left 
by him. I have taken the liberty of inserting synonyms 
for the various primates discussed at the proper places 
in the text; these may be of value to the reader in fully 
identifying the forms studied. Figures 1, 2., 7, 8, 10, 
11, 12., 17 and 19 were drawn by Dr. Huber and pub¬ 
lished in his aformentioned paper, and they arc re¬ 
printed here in slightly altered form. The remaining 
figures have been selected from the literature by me 
and have been most kindly redrawn by Mr. James F. 
Didusch. I am entirely responsible for the figure 
explanations, as well as for the brief “Introduction.” 
It should be mentioned that the discussion of the motor 
cortex, as defined in this paper, does not include those 
stimulablc areas of the frontal and occipital regions 
which give rise to ocular movements; these centers 
differ histologically from the immediate precentral 
motor area and hence fall into a separate category. 
No systematic discussion of the cyto-architccture of 
the cortex has been attempted, but references arc made 
to this phase of the problem wherever they seem perti¬ 
nent. William L. Straus, Jr., Feb. 2.1, 1933. 

INTRODUCTION 

A specialization within the telencepha¬ 
lon to form a 4 ‘motor cortex* * is an attribute 


of the mammalian brain. The formation of 
such an area is foreshadowed in reptiles 
(alligator: Johnston, 1916; Bagley and 
Richter, *14; Bagley and Langworthy, * z 6 ; 
turtles ( Chelydra , Chrysemys y Cistudo ): John¬ 
ston, *16; lizard ( Gerrhonotus ): Johnston, 
*16) and birds (pigeon: Rogers, lyrL/i.'y), 
at least some of which possess electrically 
excitable cortical areas. In these forms, 
however, the axons of the stimulable cor¬ 
tical cells do not form a corticospinal tract. 
This tract is found only in the mammals 
(Kappers, 192.0). The “motor cortex,” 
as defined in this paper, is that cortical 
area or areas giving rise to such a direct 
pathway to the various body levels. Hence 
a discussion of this system is necessarily 
limited to mammalian forms. The pres¬ 
ent paper attempts to bring together the 
existing knowledge concerning the motor 
cortex in the various orders of mammals, 
with a view toward demonstrating its 
phylogenetic development. 

I. DIFFICULTIES OF CORTICAL STIMULATION 

Since the epoch making pioneer work of 
Fritsch and Hitzig (1870) a vast amount of 
data from studies on the motor cortex of 
the brain in a number of mammalian types 
(monotremes, marsupials and placentals) 
has been accumulated. The extensive lit¬ 
erature on this subject is, however, of very 
unequal value. Unfortunately, numerous 
errors have often been carried over into 
later publications. 

In spite of the fact that Fritsch and Hit¬ 
zig used galvanic current with bipolar stim¬ 
ulation, their first delineation of the motor 
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cortex was remarkably accurate. Ferrier 
(1873) introduced the faradic current as 
being preferable to the galvanic stimulation 
of the cerebral cortex. Though his results 
were far less accurate than those obtained 
by Fritsch and Hitzig (1870) and Hitzig 
(1873, *74» I 9°4)» t ^c new method even¬ 
tually proved superior to the old. It was 
generally accepted and made possible a 
decided advance. 

Much of the success of cortical stimula¬ 
tion depends upon proper anesthesia and 
application of moderately weak current. 
No definite result can be expected when 
animals arc too deeply anesthetized, be¬ 
cause under such conditions the strong 
current necessary to elicit movement may 
spread into areas adjacent to that under 
direct stimulation. Many of the incorrect 
and unreliable statements in the literature 
arc obviously the result of such faulty 
technique. Ferrier, working on adult 
animals, and using a very strong current, 
scattered the motor areas over almost the 
entire lateral surface of the cortex. Partly 
because of the same reason, a scries of suc¬ 
ceeding authors obtained scarcely more 
accurate results. 

It is essential to realize that the strength 
of current necessary to elicit movements in 
the newborn and in animals in the very 
first stages of postnatal life is greater than 
that required to produce movements in 
adults of the same species. As the animals 
grow to maturity the threshold for the 
excitability of the motor cortex gradually 
becomes lower. Leyton and Sherrington 
(1917) reported comparative data from cat, 
macaque and chimpanzee, animals which 
arc known to give ready and consistent 
response. These three types were stimu¬ 
lated side by sideunderthesameconditions, 
and were found to be similarly responsive. 
Yet from a comparison of the results which 
the various investigators obtained in stimu¬ 
lation experiments on many representatives 
of the various orders and suborders of mam¬ 


mals, it is seen that apart from those differ¬ 
ences in the excitability of the motor cortex 
which are due to variable factors in con¬ 
nection with the experiments (e.g. condi¬ 
tion of the animal, condition of the brain, 
depth of narcosis, etc.), there appear to 
exist additional consistent differences pre¬ 
sumably dependent upon dissimilarities in 
structure and function of the motor cor¬ 
tex of various mammals. Thus mammals 
with primitively organized brains require 
stronger current than those with more 
highly organized motor cortexes. Like¬ 
wise, the strength of current necessary to 
elicit movements varies in regard to the 
different centers of the motor cortex of the 
same animal. Because of these various 
conditions a keen judgment, gained only 
by much experience, is necessary for the 
application of the proper optimal current. 

Furthermore, if one critically analyses 
the records of bilateral and ipsilatcral re¬ 
sponses, he must conclude that possibly 
many of them were the result of spread of 
current along the dura mater to cranial and 
upper spinal nerves of the side under stimu¬ 
lation. In some instances, however, espe¬ 
cially in mammals with a primitive cen¬ 
tral nervous system, such bilateral and 
ipsilatcral responses may have an anatomi¬ 
cal basis in the incomplete crossing of the 
corticospinal tracts. In other instances, 
however, as in part of the facial muscula¬ 
ture, bilateral response with prevalence 
of the contralateral side appears to be due 
to bilateral cortical representation of cer¬ 
tain muscle groups which normally give 
purposeful automatic movements of the 
ipsilateral side associated with movements 
of the contralateral side (synkinesis). 
Such bilateral cortical representation is 
evidently confirmed in some instances 
through ablation experiments, e.g. in the 
case of the m. orbicularis oculi of the 
chimpanzee (Griinbaum and Sherrington, 

1904)- 

On the other hand, animals have often 
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been stimulated under too light anesthesia 
or without any anethesia whatever. Un¬ 
der such conditions, movements occurring 
spontaneously in the animals and not the 
result of electrical stimulation have fre¬ 
quently been recorded together with the 
movements resulting from actual stimula¬ 
tion. Some examples of such errors which 
are scattered throughout the literature are 
pointed out in the following pages. For an 
experienced and critical investigator it 
should be possible to discriminate between 
the two kinds of movements, especially in 
adult animals, because each has its charac¬ 
teristic attributes. If an investigator has 
acquired this discriminating judgment he 
may in certain instances obtain more com¬ 
plete results without the use of anesthesia 
(compare e.g. results of stimulation experi¬ 
ments on newborn and very young animals). 

The application of pharmacological agen¬ 
cies for increasing the local excitability of 
the motor cortex may likewise at times have 
led to false impressions. 

The introduction of the unipolar method 
by Sherrington (1893) brought about a 
considerable improvement in cortical stim¬ 
ulation. This method makes possible a 
more accurate localization. It has proved 
to be of greatest importance in investiga¬ 
tions of highly organized brains with a 
highly differentiated and much subdivided 
motor cortex. Occasionally, nevertheless, 
more recent investigators have preferred 
the bipolar to the unipolar method, with 
fair success in lowly mammals (e.g. Rogers, 
1914, on the opossum). 

As a whole, the results obtained by the 
different authors arc proportionate to appli¬ 
cation of proper methods, careful operative 
technique, good condition of the experi¬ 
mental animal, proper care of the exposed 
cortex, accuracy of observation, discrimi¬ 
native judgment and a series of other fac¬ 
tors. 

The results so far at hand are as yet little 
correlated with the genealogy and be¬ 


havior of the animals investigated. A 
vast amount of data concerns merely the 
determination of the extent and location of 
the responsive motor areas and of their sub¬ 
divisions. Yet even in regard to the topog¬ 
raphy of these areas relatively few mam¬ 
malian types are satisfactorily known. 

II. THE ONTOGENETIC DEVELOPMENT OF THE 
MOTOR CORTEX 

The facial area has been only roughly 
determined in connection with the general 
investigations on the motor cortex. From 
these investigations it becomes evident 
that the motor facial area was one of the 
first during the phylogeny of mammals to 
become definitely localized in the cerebral 
cortex. 

During the ontogenetic development of 
certain mammals, however, the facial area 
becomes responsive to electrical stimula¬ 
tion at a considerably later stage than does 
the fore limb area. This is clearly shown 
through the important contributions of 
Weed and Langworthy (19x5) and Lang¬ 
worthy (1917a). Using the opossum 
(Dtdelphys virginiana) as an experimental 
animal, these investigators stimulated 
various stages of pouch-young, which 
correspond to early fetal stages of placental 
mammals. Already at the early age of 13 
days (crown-rump length, 33 mm.), the 
youngest stage used in the experimentation, 
fore limb movements were obtained upon 
cortical stimulation, while no other areas 
responded. • 

Through the observations of Hartman 
(1910), it has become known that after the 
10 day gestation-period the very im- 
maturely born young, measuring only 11 
mm. in crown-rump length, crawl, with¬ 
out any assistance from the mother, from 
the vaginal orifice to the pouch, where 
they quickly become attached to the nip¬ 
ples. In crawling they use the fore limbs, 
swaying the head as far as possible to the 
side opposite the hand which is taking 
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the propelling stroke. While the fore 
limbs already are used at this early em¬ 
bryonic stage in such an importantfunction, 
the hind limbs are represented merely by 
extensive buds. The kangaroo young 
reaches the pouch of the mother in the 
same manner as does the opossum (Hart¬ 
man). In their structural and functional 
development the fore limbs precede the 
hind limbs, not only in the polyprotodont 
marsupials, which in the fully developed 
stage have fore and hind legs of corres¬ 
ponding size, but likewise in the more 
specialized diprotodont marsupials, not 
excepting the big kangaroos with their 
exceedingly large, strong hind legs and 
contrastingly small, short fore legs. It 
was not until the stage of 76 day old pouch- 
young opossums of 117 mm. crown-rump 
length that Weed and Langworthy ob¬ 
tained movements from centers other than 
that of the fore limb. Additional re¬ 
sponses were then procured from the facial- 
masticatory muscle complex. The facial 
area responded with movements of the 
vibrissae, ear and eye. In view of the 
piycedence in structural development and 
early use of the forelimbs, and taking into 
consideration some further significant 
points, the author concludes that the con¬ 
siderably earlier response from the fore 
limb area in contrast to the facial area 
in the opossum, is due to a developmental 
adjustment and not, as Langworthy (1917a) 
suggested, to a phylogenetic sequence. 
No hind limb movements were obtained 
from any stage of opossum young, nor 
from a larger series of adult opossums 
(Weed and Langworthy, 1915; Lang¬ 
worthy, ’17a). 

Similarly, as in the oppossum, in certain 
representatives of the placentals the fore 
limb area has been found to be responsive 
before the facial and hind limb areas. A 
series of investigators (Soltmann, 1876; 
Tarchanoff, ’78;Paneth, *85; Langlois, *89; 
Mills, *94, '95, *96; Michailow, 1910; v. 


Bechterew, # n; Weed and Langworthy, 
*i 6 ; Langworthy, '17b; and others) have 
studied the electrical excitability of the 
cerebral cortex of newborn and very young 
placentals, using cats, dogs, rabbits and 
guinea-pigs as experimental animals. The 
findings of the various authors differ 
greatly, however. 

Mills (1896) found that at birth and for 
several days after the cortex of cats did not 
respond to electrical stimulation, but that, 
in some instances, it was functionally ac¬ 
tive before the eyes opened, i.e. before the 
ninth day. The centers for the fore limbs 
were found to respond earlier than those 
for the hind limbs, and head movements 
could be obtained only at a later date 
than movements of the limbs. 

Weed and Lang worthy (192.6) and Lang¬ 
worthy (’^b), in newborn kittens, which, 
as in Mills’ experiments, were stimulated 
under ether anesthesia, obtained fore limb 
movements, while movements of the hind 
limb could not be obtained until the kittens 
were 16 days old, while the facial area 
did not respond to electrical stimulation 
until the animals were 2.1 days of age (fig. 

7A). 

In dogs, Soltmann (1876) found the 
motor cortex unresponsive until the tenth 
day after birth, when fore limb movements 
were first obtained. On the thirteenth 
day movements of the hind limbs together 
with fore limb movements could be elicited. 
But it was not until the sixteenth day that 
movements were obtained from the facial 
area. Soltmann narcotized his puppies 
with ether, chloroform, or morphia. 

Later, Ferrier (1880/86) agreed that in 
dogs no movements could be obtained until 
after the opening of the eyes, usually about 
the eighth day; he stated that the cortical 
centers in the dog generally do not react 
till about the tenth day, and that the cen¬ 
ters for the fore limbs become excitable 
before those for the hind limbs. 

Paneth (1885), however, using no ancs- 
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thcsia, obtained positive results in dogs 
of 14 to 48 hours of age. These puppies 
responded to electrical stimuli with fore 
limb movements prevailing, while hind 
limb movements were sparingly obtained. 

Mills (1896) came to the conclusion that 
there is no proper functional cortical de¬ 
velopment in dogs before the eyes open, 
which seldom occurs before the tenth to the 
thirteenth day. He confirmed Soltmann’s 
results in that he found movements of the 
head as a whole and of its various parts 
to be developed later than those of the 
limbs. In disagreement with Soltmann 
and with Ferrier, however, he found that 
in most, though not in all of his specimens, 
the hind limb area became functionally 
active at a somewhat earlier date than 
that of the fore limb, an observation which 
was not confirmed by subsequent investi¬ 
gators. In the cases of large dogs, such as 
the St. Bernard, the cortical motor centers 
became functionally active at a later date 
than in small breeds, like the terriers, or in 
mongrels, an important finding that seems 
to be in harmony with the more rapid 
physical and psychic development of the 
latter. Agreeing with Soltmann, Mills 
emphasized the fact that localization was 
at first somewhat indefinite, but gradually, 
though rapidly, became better defined. 
He found the principal centers active within 
the first thirty days of life, most of them 
before this limit. As did his forerunners, 
he stimulated his dogs while they were 
anesthetized with ether. 

Michailow (1910) and v. Bechterew 
(1911) likewise obtained positive results 
in dogs during the first few days of post¬ 
natal life. They were then able to locate 
electrically excitable areas for both fore 
and hind limbs, for mastication and for 
neck movements. The facial area became 
responsive considerably later, not until 5 
days after birth. The responses obtained 
from the facial area were closure of the 
eyes and ear movements. Several days 


later they procured, in addition, move¬ 
ments of the upper lip. Von Bechterew, 
and before him Soltmann, emphasized the 
fact that their is a considerable individual 
variability and also variability according 
to the different breeds of dogs. 

Cat and dog, as seen from the experi¬ 
ments of various authors, exhibit the strik¬ 
ing phenomenon that the limb areas con¬ 
siderably precede the facial area in their 
response to electrical stimulation, and that, 
moreover, the fore limb area precedes the 
hind limb area. It seems logical to seek 
the explanation for this latter fact in a 
developmental adjustment to the function¬ 
ing of the limbs. For in the placcntals, 
just as in the marsupials, the fore limb 
plays a greater, guiding r 61 e from the time 
that the young of those animals bom in 
immature state first make attempts to walk. 
But also in the young of those placentals 
which are well developed at birth, the fore 
limbs take the leading r 61 e in progression, 
just as in the adults of all quadrupedal 
mammals. This is probably the causal 
factor for the early cortical motor repre¬ 
sentation of the fore limbs. In agreement 
with this are the observations that among 
the marsupials and primitive placentals 
the hind limb area in some forms is either 
absent or only imperfectly represented in 
the motor cortex of the adult animal. In 
any case, the hind limbs are far less well 
represented than the fore limbs, which in 
all mammals readily respond to electrical 
stimulation of the cortex. Thus, as re¬ 
gards cortical motor representation, the 
fore limbs, probably in functional adapta¬ 
tion, precede the hind limbs not only in on¬ 
togeny but likewise in phylogeny (see 
later). It is not astonishing, therefore, 
that in the dog, as compared with the cat, 
response from the hind limb and facial 
areas more quickly follow the response 
from the fore limb area, from which move¬ 
ments may be obtained at birth in both 
animals. As is generally known, kittens 
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are bom in a more immature state than are 
puppies, and the latter make quicker prog¬ 
ress in general development during post¬ 
natal life. Yet the great delay in the 
response from the hind limb and facial 
areas in the cat (Weed and Langworthy, 
1916) is rather astonishing. Renewed 
investigations with modification of the 
technique (e.g. stimulation of the animals 
without anesthesia) may yet lessen the 
apparently great difference between cat 
and dog. 

The results of stimulation experiments 
on newborn and very young rabbits and 
guinea-pigs arc interesting in comparison 
with the results which various investiga¬ 
tors have obtained in opossum, cat and dog. 

In the rabbit Tarchanoff (1878) did not 
obtain any movements until the animals 
were about 11 days old. Then it was pos¬ 
sible to elicit fore limb and masticatory 
movements. Only considerably later were 
movements of the hind limbs obtained. 
Judging from Tarchanoff's protocols and 
from his concluding statements, the area 
for masticatory movements in the young 
rabbit was more responsive than was the 
fore limb area, while on the other hand 
the hind limb area did not- give regular 
response (sec later Mills, 1896, on hind 
limb movements in the rabbit). 

In the guinea-pig, however, Tarchanoff 
found the motor cortex responsive even 
shortly before birth. This great difference 
in first appearance of motor response in 
the guinea-pig compared with the rabbit 
is undoubtedly correlated with the differ¬ 
ence in the state of general development in 
which these two rodent types are born. 
While newborn rabbits arc even less ma¬ 
ture and more helpless than newborn kit¬ 
tens, guinea-pigs are bom in a relatively 
mature condition with a well developed 
coat of for and with open eyes, and ready 
to run around. Von Lenhoss6k (1889) 
also emphasised the fact that in the new¬ 
born guinea-pig the tracts of the spinal cord, 


including the corticospinal system, are 
further advanced in their development and 
larger in size than in the newborn rabbit 
or mouse. 

In the newborn guinea-pigs Tarchanoff 
obtained movements of mastication, as well 
as fore and hind limb movements. Langlois 
(1889) confirmed these findings. By far 
the easiest movements to obtain were the 
masticatory ones, for which Langlois easily 
located the center. Though he also ob¬ 
tained fore limb movements and, with 
stronger current, additional movements 
of the hind limbs, he was unable clearly 
to localize the limb areas. 

Neither Tarchanoff nor Langlois men¬ 
tioned whether in the masticatory move¬ 
ments of the young rabbits and guinea-pigs 
facial muscles of the orbicularis oris-bucci- 
nator group were involved. The inclusion 
of movements of this group in mastication 
is typical for the adult animals, especially in 
the case of the rabbit. From the fact, how¬ 
ever, that Tarchanoff did not specifically 
state that movements of facial muscles oc¬ 
curred in any of his young rabbits, includ¬ 
ing those of 45 days of age, it may be as¬ 
sumed that movements of the orbicularis 
oris-buccinator group really were included 
in the masticatory movements. If this 
assumption is correct we have here a case 
where the fore limb area does not precede 
the facial area in its development. 

It is very likely that in the various 
types of placcntals developmental adjust¬ 
ments of the several motor centers take 
place according to the differences in be¬ 
havior during early postnatal life. 

III. RESULTS AND CONCLUSIONS FROM ANA¬ 
TOMICAL AND PHYSIOLOGICAL INVESTIGA¬ 
TIONS OF THE MOTOR CORTEX IN VARIOUS 
ORDERS OF MAMMALS 

A. MONOTREMES 

Martin (1898/99) explored with great 
care the entire cortex in two examples pf 
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Omitborbynchus and obtained practically 
the same results in each specimen (fig. i). 
Movements from the facial field were pro¬ 
cured most easily. Stimulation of most 
parts of the anterior half of the cortex re¬ 
sulted in a ‘ ‘screwing-up* ’ of the contra¬ 
lateral eyelids, but this movement was 
aroused with the weakest current at a 
smaller area further back. This “screw¬ 
ing up*' of the eyelid is, no doubt, caused 
through contraction of muscle portions 
corresponding to the m. orbicularis oculi. 
This muscle in Omithorbyncbus, as well as 
in Echidna , docs not form a uniform com¬ 
plete sphincter around the eye, as it docs 
in the marsupials and placentals, but is 
represented by several muscle portions (sec 
Rugc, i895;Schulman, 1905) which through 
synergic action may bring about the same 
effect as would a uniform m. orbicularis 
oculi. 

From the large, ill-defined responsive 
motor area on the anterior half of the cortex 
Martin also obtained contraction of the 
anterior portion of the opposite “pannicu- 
lus carnosus,” causing the head to be ro¬ 
tated to the opposite side and drawing 
forward the shoulder. This action was 
evidently the result of the contraction of 
that part of the facialis musculature which 
has been erroneously included in the pan- 
niculus carnosus (compare Huber, 1931b). 
Responsible for the movement referred to 
by Martin is a powerful muscle of the 
superficial facial musculature (m. platys- 
ma), which expands from the shoulder 
region over the lateral side of the face to 
be secondarily attached to the duck bill 
shaped snout (sec Huber, 1931b). Owing 
to its attachment this muscle may rotate 
the head and in addition may exert a pull 
upon the shoulder, just as Martin observed 
in his stimulation experiments. From 
these observations it becomes evident that 
the facialis field is well represented in the 
motor area of the cerebral cortex of Omi¬ 
tborbynchus. 


In addition, upon stronger stimulation, 
Martin obtained from the same large, ill- 
defined area on the anterior half of the 
cortex, definite advancement of the shoul¬ 
der with flexion of the elbow and extension 
of the wrist followed by abduction of the 
shoulder, extension of the elbow and flexion 
of the wrist. The movement was, as Mar¬ 
tin ascertains, precisely that exhibited by 
the fore limb of the animal when digging 
a burrow. 

Martin’s experiments reveal the impor¬ 
tant fact that in Omitborbynchus facial and 
fore limb areas partly coincide. It is im¬ 
portant, moreover, that Martin, even 
with the strongest current, failed to ob¬ 
tain the slightest movement of the hind 
limbs or tail from any part of the cortex. 

S. MARSUPIALS 

In the marsupials, especially in the opos¬ 
sum ( [Didelphys ), the motor facial area has 
been reported by most authors as partly 
coinciding with areas from which move¬ 
ments of the fore limbs were also obtained 
(fig. z). The fore limbs, on the other 
hand, appear still to have partial repre¬ 
sentation in the corpus striatum (Rogers, 

As to the localization of the hind limbs 
in the opossum, the various authors do not 
agree in their findings. Somcof them claim 
to have been able to localize a hind limb 
area in the motor cortex. Thus Herrick and 
Tight (1890), investigating the opossum, 
reported hind limb movements from an ill- 
defined area lying posterior to the orbital 
sulcus. Ziehen (1897) also reported that 
he obtained hind limb movements in the 
opossum, in addition to movements from 
fore limb and facial areas, which in part 
overlapped. The center for the facialis 
musculature required less current than that 
for the fore limb, which in turn responded 
to less current than the center for the hind 
limb, from which movements were ob¬ 
tained only with a very strong current. 
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Flashman (1906) reported hind limb 
movements in Dasyurus , which were, how¬ 
ever, inconstant and diffuse. 

C. and O. Vogt (1906/07) observed hind 
limbs movements in stimulating various re¬ 
presentatives of the di- and polyprotodont 
marsupials. They emphasized, however, 
that these movements were very difficult to 
obtain, and were diffuse and inconstant— 
in fact, in several kangaroos no hind limb 
area could be detected—while the fore 
limb area in the di- and polyprotodont 
marsupials investigated always responded 
to the stimuli. The hind limb move¬ 
ments, when obtained, were usually move¬ 
ments of the whole leg, though occasion¬ 
ally only the musculature of the foot was 
involved. In contrast to this, discrimina¬ 
tion of finer movements in the fore limb, as 
in the facial region, was quite marked. 

Cunningham’s (1897/98) reference to 
hind limb movements in one of his ex¬ 
perimental animals (opossum) is not to 
be counted among the positive results. 
As Cunningham himself states, the animal 
was coming out of ether when these move¬ 
ments occurred. This made him conclude 
that they were of the spontaneous kind. 

According to the observations of all 
these investigators, the hind limb area 
thus strikingly contrasts with the fore 
limb and the facial areas in its response to 
electrical stimulation. One may suspect 
that some of the investigators obtained 
hind limb movements through application 
of unduly strong current. It is most signi¬ 
ficant that several later investigators (Ro¬ 
gers, 1913, *14; Gray and Turner, *14; 
Turner, '14; Weed and Langworthy, *15; 
Langworthy, ’17a) were unable to obtain 
movements of the hind limbs, trunk or tail 
in the opossum, despite careful exploration 
of the whole cerebral cortex. 

This seems to be in agreement with the 
observation of Turner (1914) that in the 
opossum which he investigated the cortico¬ 


spinal tracts did not extend caudalward 
beyond the cervical region. Turner, how¬ 
ever, admitted that these tracts might 
possibly continue downward for some dis¬ 
tance as unmyelinated fibers which do not 
constitute a compact tract, but arc too 
scattered to be defined by the Cajal and 
Ranson silver stains. 

Nevertheless, we can not completely dis¬ 
regard all the data of the former group of 
investigators of marsupials in view of the 
fact that among these authors who claimed 
positive, though inconstant results, were 
C. and O. Vogt, who had much experience 
in cortical stimulation. It is tempting 
to assume that in the evolution of their 
motor cortex the marsupials have not 
reached the stage where the motor centers 
for the hind limbs have definitely shifted 
into the cortex, and that their occasional, 
though ill-defined response depends on 
progressive individual variations of the 
experimental animal, besides other speci¬ 
ally favorable conditions. Such a hypo¬ 
thesis would reconcile the conflicting re¬ 
sults obtained by the various workers. In 
such instances where response of the hind 
limbs is obtained, subsequent investigation 
of the pyramidal system should be under¬ 
taken in order to ascertain whether the 
corticospinal tracts really extend caudal- 
ward as far as the lumbar or lumbosacral 
level of the spinal cord. 

Within the facial area of the opossum, 
movements of the ear musculature, of the 
m. orbicularis oculi, and of the vibrissae 
can be elicited. The muscle group that 
moves the facial vibrissae is well repre¬ 
sented in accordance with the important 
functional r 61 e that this tactile mechanism 
plays in the life of the animal. 

C. PLACENTALS 

While we have fair, though by no means 
fully correlated and exhaustive knowledge 
of the motor cortex of the more common 
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laboratory placental mammals (rat, rab¬ 
bit, cat, dog, monkey ( [Macacus and Ccrco- 
pithecus^) and of some of the rarer experi¬ 
mental forms such as the orang-utan, 
chimpanzee and gorilla, our knowledge of 
other placentals is still very fragmentary. 
There arc a scries of orders and suborders 
which have not been subjected to experi¬ 
mentation, while of the others only one or 
a few representatives have been studied. 

j. Insectivores 

Of this order only the hedgehog (JErtna- 
ceus europaeus)hasbccn investigated (Mann, 
1896; Ziehen, *97, '99; Probst, 1901; Weber, 
06; C. and O. Vogt, 06/07) (fig. 3). The 
results obtained by these authors differ 
widely. They are in part uncertain and 
incomplete. For example, Mann failed to 
obtain response from any part of the facial 
musculature, while Ziehen (1897) and C. 
and O. Vogt (1906/07) observed move¬ 
ments of neither the m. orbicularis oculi 
nor of the ear musculature. Evidently 
those facial muscles which during the life 
of the insectivores play the greatest r 61 e, 
(i.e. the muscles of the snout) are the best 
represented (Ziehen, Probst, C. and O. 
Vogt), while the other muscles of the 
facialis group do not readily respond (see 
Ziehen *99, p. 169, in contrast to ’97). 
The snout musculature appears to be in 
part bilaterally represented (C. and O. 
Vogt). 

In addition to the facial area, centers 
for the fore and also for the hind limbs have 
been located by Mann, Ziehen and C. and 
O. Vogt. The responses obtained in¬ 
volved isolated, uncorrclatcd movements of 
only certain muscle groups. According to 
Ziehen, the hind limb area requires stronger 
stimuli than does the fore limb area. 
The Vogts emphasized the fact that the 
motor areas of the hedgehog in general 
are decidedly less responsive than arc those 
of higher placentals. This may be the cx- 
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planation for the meagre or fully negative 
results of Probst and Weber. 

The experimental findings of the various 
investigators seem to be in accord with the 
fact that in the hedgehog the cyto-archi- 
tecturc of the motor cortex is as yet but 
little evolved (Brodmann, 1909). 

2. Bats 

One representative of the Microchirop- 
tcra, evidently Vespertilio murinus , the com¬ 
mon small bat of central Europe, has been 
subjected to experimentation by Ziehen 
(*899) and by Merzbacher (1903). The 
results are not worth mentioning. 

C. and O. Vogt (1906/07) stimulated 
eight specimens of Pteropus Edwardsi (fruit 
bat), a representative of the Macrochirop- 
tera. They found the “head segment“ 
with the facial area to be far more exten¬ 
sive and more responsive than the leg 
areas (fig. 4). Various subdivisions of the 
facial area were mapped out. These res¬ 
ponded with three different kinds of 4 ‘rhyth¬ 
mic movements** of the muscles of the 
snout, m. orbicularis oculi and ear muscu¬ 
lature. From the leg areas the authors 
obtained what they consideied satisfactory 
results only in their last specimen. These 
findings differed widely from those ob¬ 
tained from the other seven specimens. 
Both fore and hind limbs were represented, 
with partial overlap of the areas. These 
experiments have not been repeated. 

y Rodents 

A series of authors have investigated, 
both morphologically and experimentally, 
the motor cortex of mouse, rat, rabbit, 
guinea-pig and ground hog ( Arctomys 
monax). 

C. J. Herrick (1916, p. 164) sums up with 
the following statement the work of 
Dollkcn, 1907; Brodmann, *09; Iscnschmid, 
’11; DeVries, *11; Winkler and Potter, *ii; 
and Fortuyn, *14; who have independently 
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charted the cortical areas of rabbit, mouse 
and rat: 4 4 When the reports of their exami¬ 
nation of the same species are compared the 
result is disquieting. All agree that in 
these lowly forms the boundaries between 
the various areas are indefinite and that 
the structural features by which the areas 
are distinguished are far less well defined 
than in higher brains.' 4 

In accord with this are the results ob¬ 
tained from cortex stimulation and abla¬ 
tion experiments by Ferrier, 1873, 74 * 

*8o/86; Flirstncr, '76; v. Bcchterew, 
1886/87, '87* *n; Exncr and Pancth, '87; 
Herrick and Tight, *90; Mann, '96; Mills, 
'95, '96; Ziehen, '97; Lashlcy, 192.1; and 
W. K. Smith (unpublished). Upon con¬ 
sidering this literature wc realize that the 
data so far obtained arc very incomplete, 
in part contradictory, and little correlated. 

The excitable cortical centres of the ro¬ 
dents appear to be ill defined and variable. 
Several workers were unable to obtain 
hind limb movements, while others claimed 
a responsive hind limb area in addition 
to the areas for the fore limb, facial and 
masticatory musculature, etc. In these 
studies arc included uncritical references 
to simultaneous movements of both hind 
limbs (Mann). 

Mills (1896), after examination of a 
large scries of different breeds of young 
and adult rabbits, emphatically denied the 
existence of a responsive hind limb area 
in this animal. He thus found the rabbit 
to be in striking contrast to the guinea- 
pig, rat and mouse. In these latter ro¬ 
dents he was able to confirm the general 
motor localization as previously found 
by Ferrier, who located a hind limb area 
in addition to the other areas. It is most 
significant that in the rabbit (compare v. 
Lenhoss6k, 1889; Simpson, 1914, '15), as 
in a series of other rodents (compare v. 
Lcnho$s6k, 1889; Goldstein, 1903/04; Wal¬ 
lenberg, *03/04; v. d r Vloct, *06; King, *io; 


Simpson, *11/13, #I 4 > ’*5; Ranson, '13, '14; 
Linowiecki, 'i4;Revelcy, '15), the cortico¬ 
spinal tract can be traced, although greatly 
reduced, at least as far as the lumbar por¬ 
tion of the spinal cord. In some cases this 
tract extended even to the sacral region. 
Thus in these rodents, including the rab¬ 
bit, there evidently exists a definite ana¬ 
tomical basis for positive cortical motor 
response of the hind limbs. Swank (1931), 
however, consequent to extensive cortical 
destruction, could not trace the cortico¬ 
spinal tract of the rabbit below the upper 
level of the first cervical segment. 

A decided advance was made through 
the fundamental studies of Lashley (1911), 
who combined cortex stimulation and 
ablation experiments with studies on be¬ 
havior (fig. 5). He found that destruction 
of the electrically excitable cortex in the 
rat produced no discernible motor disturb¬ 
ances, but that simultaneous destruction 
of the motor area and the corpus striatum 
resulted in paralysis which resembled the 
effect of destruction of the excitable cor¬ 
tical area in more highly organized brains. 
Using these results as a basis, Lashlcy con¬ 
cluded that in these lowly placentals the 
motor cortex has a regulating function 
rather than real control over the voluntary 
movements. This seems to be in agree¬ 
ment with what Rogers (1924) found in a 
marsupial, the opossum. 

From the available data on insectivores, 
bats and rodents, it becomes clear that in 
regard to the differentiation of the motor 
cortex these lowly organized placentals 
have evolved but slightly above the marsu¬ 
pials, and that in the primitive mammals 
(marsupials and primitive placentals), as 
Herrick (1916, p. 165) states, “the cortical 
differentiation is still in its incipiency.'* 

4. Ungulates 

A few investigators (Marcacci, 1877; 
Ziehen, '99; Dcxlcr and Margulies, 1906; 
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Simpson and King, *11; Bianchi, *10; Bag- 
ley, have studied the motor cortex in 
this group, using the sheep as their ex¬ 
perimental animal (fig. 6). The results 
are in part contradictory and indefinite. 
A series of responsive areas which show 
considerable individual differences have 
been mapped out. Among these is a facial 
area, which gives response of the contra¬ 
lateral and in part bilateral facialis muscu¬ 
lature. Besides the main facial area Bag- 
ley located an additional well defined area 
which readily responded with ipsilatcral 
contractions of facial muscles of the mouth. 
In agreement with Marcacci and in con¬ 
trast to Simpson and King, Bagley found 
the facial area more responsive than the 
other areas. According to most authors 
(Marcacci, Ziehen, Bianchi, Simpson and 
King) movements of the fore legs are con¬ 
tralateral, and response from them is more 
easily obtained than from the hind legs. 
Marcacci was unable to obtain movements 
from the latter. In connection with this, 
it is important to note that Bagley was 
unable to trace the corticospinal tract be¬ 
yond the cervical region. 

The several authors emphasize the great 
difficulty of experimentation in the sheep. 
Dexler and Margulies stated that the results 
which they obtained were inconstant and 
uncertain. Simpson and King mentioned 
that in many individuals, motor responses 
were not obtained from one or more of the 
areas. And Bagley agreed with them, 
stating that only through frequent attempts 
were results obtained. Nothing could 
better illustrate how indefinite these results 
are than Bagley*s statement (192.1, p. 2.2.) 
that upon stimulation in the leg areas he 
often obtained response from z, 3 or even 
all 4 legs. These results must be care¬ 
fully weighed in view of the fact that Bag- 
ley used only local anesthesia. Likewise 
Simpson and King, in part stimulating ani¬ 
mals in the conscious state, obtained, at 


times, movements of the opposite fore and 
hind legs together with movements of the 
hind leg of the same side. Moreover, they 
obtained from the left cortex of a 6 week 
old lamb, sucking movements combined 
with 4 ‘wriggling* * movements of the tail, 
upon stimulation of an area which corres¬ 
ponds to the facial area of the adult sheep. 
Under ether anesthesia this “sucking cen¬ 
ter” could not be found on the right side, 
nor was this area excitable on either side 
in a second lamb which was subjected to 
stimulation. 

It should be added that destruction of 
the motor cortex in the sheep caused no 
obvious paralysis (Simpson and King). 

In spite of the partly indefinite results 
and questionable data of these studies on 
the sheep, we may conclude that the motor 
cortex in this ungulate has evolved scarcely 
further than it has in the above discussed 
lower placentals. 

j. Carnivores 

A series of authors (Fritsch and Hitzig, 
1870; Ferrier, *73, *74, ’8o/86; Hitzig, ‘73, 
*74, '04; Luciani and Tamburini, ’78; Ro- 
senbach (and v. Bechterew), *83; Paneth, 
’83; v. Bechterew, ’86/87, *87, 19x1; Exner 
and Paneth, ’87; Herrick and Tight, *90; 
Mann, ’96; Mills, *94, ’95, ’96; Weber, 
1906a; Weed and Langworthy, ’z6; Lang¬ 
worthy, ’17b; Smith,’ 32.; and others) have 
investigated the motor cortex in carnivores, 
especially in cat and dog. From these in¬ 
vestigations a,pd from our own on the cat 
and dog (Huber and Smith, unpublished), 
it becomes evident that the motor cortex 
in these carnivores has evolved further 
than in representatives of the above dis¬ 
cussed orders of placentals. 

The electrically excitable areas are situ¬ 
ated adjacent to the cruciate sulcus (sec 
fig- 7®)- Referring in this discussion only 
to the areas for the limbs and face, wc 
may note that the motor cortex responds 
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with more elaborate movements of the 
entire musculature of the fore and hind 
limbs (see Smith, 1931, in regard to the 
greater development of the fore limb area 
compared to the hind limb area in the 
American black bear). 

The readily responsive facial area ap¬ 
pears to be clearly separated from that of 
the fore limb. Contraction of the facialis 
musculature is prevailingly contralateral, 
but to a certain extent also bilateral. 
Within the facial area those muscles that 
move the long mystacial tactile vibrissae 
(m. naso-labialis and m. maxillo-naso- 
labialis) arc the most responsive ones, es¬ 
pecially in the cat. Portions of the m. 
orbicularis oculi contract syncrgically with 
the m. naso-labialis. The two muscles 
constitute a morphological and functional 
unit, and the cortical center for this genetic 
muscle group evidently has not undergone 
a further clear subdivision. 

From the well defined leg areas purpose¬ 
ful movements of the contralateral limbs 
are regularly and easily obtained, this being 
in contrast to the placentals already dis¬ 
cussed. There is a small transitional zone 
between the fore limb and hind limb areas 
from which movements of-the hind limbs 
are initiated simultaneously with the last 
slight movements of the fore limb. The 
movements of the limbs arc those which 
occur in the characteristic progression of 
the animal. This can be most clearly 
demonstrated in the case of the dog (Huber 
and Smith). 

None of the more primitive carnivore 
types have so far been investigated satis¬ 
factorily (compare c. g. Weber, 1906a). 

6 . Primates 

Within the primates a far greater variety 
of forms has been studied than in any other 
order of the placentals. It is indeed of 
great importance that these investigations 
should cover the main groups of the pri¬ 


mates so that, on the one hand, the findings 
on the lower representatives of this order 
might be linked with those on primitive 
types of other placental orders, and, on 
the other hand, through comparative study 
of the catarrhinc monkeys and of the an¬ 
thropoid apes, a key to the understanding 
of the complex conditions found in the 
human motor cortex might be obtained. 

It should be added that the author has pur - 
posely confined himself to the discussion of the 
true "motor” cortex . He has refrained from 
reference to the excitable occular areas on 
the frontal and occipital poles of the fore 
brain, which give responses of an entirely 
different character, not to be confused with 
the typical response of the main motor 
area, a fact which for the first time was 
clearly pointed out by Griinbaum and 
Sherrington (1901/01). 

A. Prosimiae (Tarsioidea and Lemuroidea) 

Tarsius has not yet been subjected to cor¬ 
tical stimulation, but there arc records of 
observations on a number of the Lemuroi¬ 
dea. 

Volsch, in collaboration with Ziehen, 
published (1906) a short account of the 
stimulation of one lemur, probably Lemur 
mongo%. The data obtained were rather 
incomplete. 

This study is preceded by a short refer¬ 
ence to the stimulation and histological 
investigation of the brain of Perodicticus by 
O. Vogt (1906), in connection with a pre¬ 
liminary communication of extensive stud¬ 
ies by C. and O. Vogt on the motor cortex. 

Soon afterwards appeared the funda¬ 
mental work of C. and O. Vogt (1906/07), 
containing the results of stimulation experi¬ 
ments on eight Lemuroidea of various gen¬ 
era and species: 3 Lemur macaco , 1 L. mon- 
go% 9 1 Perodicticus potto , 1 Chirogale crossleyi 
and 1 Otolemur (= Galago') crassicaudatus . 
This study was correlated with histological 
investigations by Brodmann (compare C. 
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and O. Vogt, 1906/07, p. 407; Brodmann, 
1906). 

Then followed the publication by Mott 
and Halliburton (1908) of stimulation and 
ablation experiments on one lemur, cor¬ 
related with histological studies. 

From the studies of these various au¬ 
thors it may be concluded that the motor 
cortex of the brain of the Lemuroidea has 
not attained a high degree of differentia¬ 
tion. Location, extension and subdivi¬ 
sions of the motor cortex were found 
similar to those in the lower platyrrhinc 
monkeys. 

In Perodicticus (fig. 9) the responsive 
motor area showed a relation to the sulcus 
“cc" similar to the relation of the motor 
area to the sulcus centralis in the sifhian 
brain. This was corroborated through 
histological studies (O. Vogt, 1906; Brod¬ 
mann, 1906). The Vogts therefore declared 
these sulci homologous. Brodmann, mor- 
over, gave evidence that the sulcus 44 c” of 
the brain of Lemur , Nycticebus and Pro- 
pithecus is not identical with the sulcus 
centralis. He demonstrated that sulcus 
44 e” lies amid the area precentralis, which 
is characterized by large pyramidal cells, 
the motor cells of Betz (1874) (compare 
Brodmann, 1906, p. 377; 1909/15, p. 168/ 
169, 175 and fig. 100). These data suggest 
great caution in attempts to homologize 
the cortical sulci of the various, diversified 
types of the lemuroid stock. 

In the brain of the Lemuroidea distinct 
responsive areas for the head, trunk, tail 
and both extremities have been mapped 
out (sec figs. 8 and 9). The sequence of 
parts represented, proceeding from the 
superior surface of the hemisphere down¬ 
ward, is: Tail, hind limb, trunk, fore limb, 
head. This arrangement is characteristic 
of all primates. From the facial area 
movements of the m. orbicularis oculi and 
the musculature of the ears and snout have 
been obtained. None of the investigators 


referred to vibrissac movements, which in 
the lemur should be expected to be an out¬ 
standing phenomenon. Easily obtainable 
contralateral ear movements were reported 
(C. and O. Vogt, Mott and Halliburton). 
This is in agreement with the fact that in 
the lemurs the ear musculature is well de¬ 
veloped and differentiated (Rugc, Huber), 
corresponding to the great r 61 e which it 
plays in the prevailing nocturnal life of 
the animals. The closure of the eyes was 
found to be prevailingly contralateral, 
while the snout musculature gave both 
contralateral and bilateral responses (C. 
and O. Vogt). The Vogts emphasized 
the more caudal position of the area for 
closure of the eyes as being in striking con¬ 
trast to the more oral position of the same 
area in the simian brain. 

From various motor areas of the lemur 
brain responses were evidently difficult to 
obtain and not constant throughout, as 
can be seen from the protocols of the 
Vogts, and from the fact that Ziehen and 
Volsch only with stronger current ob¬ 
tained a single movement of the extensor 
musculature of the thigh, while no move¬ 
ments could be obtained from the leg, feet 
or toes. 

B. Simiae 

I . Platyrrhinc monkeys 

The extensive investigations of C. and 
O. Vogt (1906/07) included experiments on 
11 specimens, representatives of both 
families of the platyrrhincs. 

a) Family Hapalidae (= Callitrichidae ) 

( marmosets ) 

The animals subjected to experimenta¬ 
tion were 4 Callithrix ( = Hapale) penicilla¬ 
tus, 1 C. jacchus and 1 Midas ursulus ( = My- 
stax mid as). 

In agreement with the lowly position of 
the marmosets their little or unfurrowed 
(lisscnccphalic) brain has no sulcus ccn- 
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tralis. The responsive motor cortex, how¬ 
ever, shows a topographic relation similar 
to that found in the representatives of the 
Cebidae, the second family of the platyr- 
rhincs, which possess a well defined sulcus 
centralis (see fig. io) or, in the ease of 
Nyctipithecus ( = Aotus), at least indications 
of a central furrow (compare C. and O. 
Vogt, p. 390, and figures on plate 7). This 
fact, which is in full agreement with the 
histological findings of Brodmann (1909/ 
15), is very important. It proves that in 
the phylogeny of the primate brain the 
cyto-architccture precedes the formation 
of the sulci and gyri. 

In the motor cortex of the marmosets 
responsive areas for the trunk, tail, upper 
and lower extremities and head, including 
the facial field, have been mapped out. 
Stimulation of the arm area gave prcvail- 
ingly generalized arm movements. Finger 
movements, when obtained, almost always 
involved all of the digits. The authors 
emphasized the extreme difficulty in ob¬ 
taining any isolated finger movements. 
This seems to be a further instance of the 
lowly organization of the marmoset brain 
compared with those of the higher platyr- 
rhines and the catarrhines.'' 

In an additional study on a marmoset, 
Mott, Schuster and Halliburton (1910) 
reported the results of stimulation and 
extirpation experiments combined with 
histological studies. The authors em¬ 
phasized the large extension of the head 
area, including the facial field, which 
could be further subdivided and gave a 
more ready response than the fore and hind 
leg areas. In contrast to their previous 
investigation on the lemur (Mott and 
Halliburton, 1908), no response from the 
car musculature was obtained in the mar¬ 
moset. Nor did the Vogts record car 
movements. However, this negative re¬ 
sult must not be considered final. It 
should rather be expected that a more 


elaborate investigation of the facial area 
will yield car movements, since the mar¬ 
mosets possess a well developed and fully 
functioning, though not highly differen¬ 
tiated car musculature (Huber, 1931a). 

V) Family Cebidae 

C. and O. Vogt seem to be the only au¬ 
thors who have experimented on repre¬ 
sentatives of this family. They investi¬ 
gated 1 Nyctipithecus (= Aotus) trivirgatus, 
1 Pithecia sat anas, 1 P. hirsuta (= P. mon¬ 
achal, 5 specimens of Cebus , including vari¬ 
ous species, 1 Alouatta nigra (= Alouatta 
car ay a), 1 A. seniculus and 3 Attics ater. 

Nyctipithecus (= Aotus') is of special in¬ 
terest, as this type, in regard to many 
structures, including the facialis muscula¬ 
ture (Schreiber, 1918; Huber, 1931a), ap¬ 
pears to combine characteristics of the 
lowly marmosets and the higher Cebidae. 
Of the two specimens examined by the 
Vogts, one, in correspondence with the 
marmosets, showed no indication of a 
gross morphological demarcation between 
the electrically responsive precentral and 
non-responsive postcentral regions, while 
in the other specimen these areas were 
separated by a furrow, evidently homolo¬ 
gous to the well marked sulcus centralis 
of the higher Cebidae and all the catar¬ 
rhines, including the Old World monkeys, 
apes and man. The topography and sub¬ 
divisions of the responsive motor areas of 
Nyctipithecus were found to be largely the 
same as in the marmosets, with fewer abso¬ 
lute foci than in the higher Cebidae (pp. 
386-387 and plate 7). 

In all the higher Cebidae the topography 
of the motor cortex was found similar to 
that of the lower catarrhines (fig. 11). 
The responsive area never extended pos¬ 
terior to the sulcus centralis Rolandi. 
Some important differences were noticed 
in the various types. Those concerning 
the tail area are significant. It is not 
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astonishing that this area in the higher 
Cebidae has undergone a greater extension 
and fuller elaboration. The higher repre¬ 
sentatives of the Cebidae, in contrast to 
the marmosets, the lower Cebidae and all 
of the catarrhincs, possess a prehensile 
tail which is a great aid in the arboreal 
activity of these monkeys. This tail is 
used much as a fifth hand. Through ac¬ 
quisition of high sensitivity on the hair 
free flexor surface, this prehensile tail has 
become a remarkable sensory organ, which 
shows the highest differentiation in the 
woolly monkey ( Lagothrix ) and in the spi¬ 
der monkey QAteles) (see further Tilney, 
192.8, vol. I, p. 192.). Thus it is not as¬ 
tonishing that the tail area in the spider 
monkey ( Ateles ) was found to be more ex¬ 
tensive and better isolated than in Alouatta , 
Cebus and Pithecia . This area was found 
further subdivided, and it gave a more 
ready response than in the other Cebidae. 
In the spider monkey more elaborate move¬ 
ments of the hand and fingers were also 
obtained. These interesting data suggest 
indeed a close correlation of morphological 
and physiological features of the motor 
area with the habits of the spider monkey, 
the cleverest acrobat among the platyr- 
rhines, an arboreal type similar to the 
gibbon among the catarrhincs. 

As to the facial area of the platyrrhine 
cortex, C. and O. Vogt’s investigations 
bring only scanty contributions. It should 
be expected that here also a further elabora¬ 
tion would take place in the ascending 
scale of platyrrhines, paralleling the evolu¬ 
tion of the facialis musculature. In the 
higher platyrrhines the fuller use of the 
more elaborate muscles of the face proper 
(mimetic muscles) is in striking contrast 
with the prevailing use of the musculature 
of the ear and snout and the specialized 
vibrissae-moving facial muscles in the 
lower platyrrhines and prosimians (sec 
Huber, 1931a). 


IL Catarrhincs 

a) Catarrhine Monkeys (Cercopithecidae she 
Lasiopygidae) 

Hitzig (1874, *°4) was largely correct 
with the exploration and delimitation of 
the motor cortex of his only macaque 
(Macacus sive Pit keens'). Great credit must 
be given to him, because he was the first 
clearly to demonstrate and emphasize the 
fact that the electrically responsive area 
docs not extend behind the sulcus centralis 
Rolandi. 

Following the publication of Hitzig, 
Fcrrier (1874, 75* *80/86) claimed a much 
more extensive motor area for the macaque, 
including the postcentral gyrus, with addi¬ 
tional areas scattered all over the outer 
surface of the cortex and even an area on 
the lower surface of the temporal lobe 
(gyrus uncinatus). This great deviation 
between the findings of Hitzig and Ferrier 
was obviously due to the application of too 
strong a current by the latter. Ferrier’s 
detailed exploration of the motor area 
in a series of macaques brought further 
valuable data. Careful examination of 
the detailed protocols, however, reveals a 
series of very questionable and uncritical 
observations. 

Ferrier’s ablation experiments under¬ 
taken on several macaques were an im¬ 
portant addition. With these experiments 
he demonstrated that destruction of the 
whole or part of the excitable motor area 
results in disturbances more serious than 
in the dog, cat and rabbit. These latter 
had been subjected to similar experiments 
by a series of investigators (Hitzig, Ferrier, 
Munk it alii). It had become known that 
in dog and cat the effects of destruction 
of the motor centers, though in the be¬ 
ginning well marked, largely disappeared 
within a few days. In the rabbit such 
disturbances were found even less severe 
than in the cat and dog, and also of much 
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shorter duration. Since Ferrier was unable 
to keep alive his operated macaques over a 
sufficiently long period, he was unable to 
observe whether the marked paralysis 
was temporary or permanent. Subsequent 
ablation experiments by other investiga¬ 
tors (sec c.g. Bicdl, 1897) showed that 
in the macaque restitution of the impaired 
functions takes place (see also Fulton and 
Keller, 1931). The gravest and longest 
lasting paralyses appear to be those of the 
hand. 

A series of investigators (Horsley and 
Schafer, 1884, *89; Schafer, *87; Bccvor and 
Horsley, *87, *94; Munk, ’90; Flood, ’94; 
v. Bcchtcrcw, '98, *99; and others) subse¬ 
quently investigated the motor cortex of 
lower catarrhines, especially of the Bengal 
macaque, Macacus (= Pithecus) rhesus , and 
the guenon, Cercopithecus callithrix (== 
Lasiopyga callitrichus). Partly influenced 
by Ferrier *s inaccurate findings, these au¬ 
thors mapped out the motor area in an 
extension far greater than that which 
actually exists. They always included 
the postcentral gyrus in the electrically 
responsive motor area. Although later 
investigators have proven this to be in¬ 
correct, these studies nevertheless contrib¬ 
uted greatly to the knowledge of the motor 
cortex of the lower catarrhines. 

Griinbaum and Sherrington’s convinc¬ 
ing demonstration (1901/01) that in the 
anthropoid apes the excitable cortex is 
restricted to areas anterior to the sulcus 
centralis Rolandi should have led to a re¬ 
consideration of Hitzig's previous similar 
restriction of the motor cortex in the 
macaque. Yet further studies upheld 
Ferrier’s view. 

Munk (1903), in his investigations of 
the change? in motility following loss of 
sensibility in the upper extremity in four¬ 
teen Old World monkeys (Macacus (= 
Pithecus ) rhesus , M. cynomolgus (= Pithecus 
irus ), and Cynocephalus (** Papi<iy ) 9 men¬ 


tioned the fact that he regularly obtained, 
with weak current, flexion of the thumb 
and in addition (if his statement on pp. 
1071-1073 is rightly interpreted) closure 
of the hand and movements of the fore 
arm from various points of the postcentral 
gyrus, which he compared with corre¬ 
sponding sections of the precentral gyrus. 
He stressed the fact that he stimulated his 
monkeys in the conscious state, which 
enabled him to appreciate finer differences 
in motility response. Thus he found, in 
contrast with previous workers, that loss 
of sensibility in the extremities resulted 
in a notable decrease of the motility. 

Rothmann (1904) claimed that in vari¬ 
ous representatives of macaques which he 
had studied the postcentral gyrus was di¬ 
rectly excitable. Because of this he in¬ 
sisted that the postcentral gyrus is to be 
included in the motor field. The evidence 
most convincing to him lay in the fact 
that three weeks after ablation of the pre¬ 
central area combined with partial section 
of the lateral cord, definite response was 
obtained from the corresponding postcen¬ 
tral segment upon stimulation. It should 
be noted that he used a very strong current. 
In a second paper (1907) Rothmann de¬ 
fended anew his viewpoint against the 
opposite conclusions of earlier workers 
(Hitzig, 1874, on t ^ lc macaque; Griinbaum 
and Sherrington, 1901/01 and *04, on the 
anthropoid apes; and Brodmann, 04, on a 
scries of lower catarrhines, namely ma¬ 
caques and guenons) who claimed that the 
postcentral gyrus was electrically incxcit- 
able. 

Weber (1906), after stimulating a ma¬ 
caque, again confirmed Ferrier's findings, 
including the extension of the excitable 
motor area into the postcentral gyrus. 

Then followed the important contribu¬ 
tions of various investigators, which finally 
led to a more correct delimitation of the 
motor areas in the lower catarrhines. The 



PHYLOGENETIC ASPECT OF MOTOR CORTEX 


7i 


findings of these authors confirmed Hitzig’s 
(1874) restriction of the electrically excit¬ 
able motor cortex to areas anterior to the 
sulcus centralis Rolandi. 

Probst (1903) emphasized the fact that 
in stimulating a series of pig-tailed ma¬ 
caques, Macacus (= Pithecus ) nemestrinus , 
and hamadryas baboons, Cynocephalus (= 
Papio) hamadryas , he always found the pre¬ 
central convolution excitable in its entire 
extent. From the postcentral gyrus, on 
the other hand, motor responses, if ob¬ 
tained at all, were elicited from single 
points only. In several of Probst *s ani¬ 
mals the postcentral gyrus gave no response 
whatever. He therefore considered the 
motor function of the postcentral gyrus 
to be of subordinate importance, yet ad¬ 
mitting that this area has a small share 
in the motor field of the cortex. 

More radical, however, was Brodmann 
(1904), who opposed Rothmann in a vig¬ 
orous discussion, referring to Griinbaum 
and Sherrington's investigations upon an¬ 
thropoid apes and to the results of the then 
recent stimulations of the motor cortex of 
human patients by Krause (1904) which 
he personally had witnessed. Brodmann 
was in the position to present direct evi¬ 
dence from stimulation and ablation ex¬ 
periments, which he had undertaken 
jointly with C. and O. Vogt, that also in 
the lower catarrhincs (macaque and gue¬ 
non) the excitable motor area is con¬ 
fined to the precentral gyrus (sec further 
Brodmann, 1905). 

Jolly and Simpson (1907), inspired by 
Griinbaum and Sherrington's masterly ex¬ 
periments on anthropoid apes (1901/01, ’04) 
and in doubt about Rothmann *s findings, 
undertook a more careful investigation of 
the motor cortex in Macacus (= Pithecus) 
and Cercopithecus callithrix (*= Lasiopyga 
callitrichus ). After inserting a thin plate 
of vulcanite into the sulcus centralis they 
stimulated the postcentral gyrus, and ob¬ 


tained no response. By so modifying 
their technique they now limited the motor 
cortex to areas anterior to the sulcus cen¬ 
tralis. The studies of following authors, 
including ourselves (Huber and Smith), 
bring evidence that such special care of 
isolation is not needed, and that careful 
technique and discriminative judgment 
lead to the same correct results. 

About the time of Jolly and Simpson’s 
publication, Sherrington, in his book on 
“The Integrative Action of the Nervous 
System" (1906)1 emphasized the fact that 
in Cercopithecus callithrix (*= Lasiopyga 
callitrichus) the excitable motor area docs 
not extend posterior to the sulcus centralis 
(Sherrington, 1906, fig. 75, p. 197). The 
same was demonstrated in the study by 
Roaf and Sherrington (1906) on Cercopi¬ 
thecus callithrix (= Lasiopyga callitrichus) 
and Cynocephalus anubis (= Papio sp?). 

Also about this time the work of C. and 
O. Vogt (1906/07; see also preliminary 
report by O. Vogt, 1906) appeared. These 
authors experimented on a variety of ani¬ 
mals of the subfamily Ccrcopithecinae (= 
Lasiopyginae): Macacus (= Pithecus) rhe¬ 
sus , Inuus inuus (probably the Barbary ape, 
Simla sylvanus ), Cynomolgus (= Pithecus) 
fascicularis, Cynomolgus (= Pithecus) sinicus, 
Cercocebus fuliginosus ( = Cercocebus aetbiops) % 
Cercocebus collaris (= Cercocebus aetbiops), 
Mona (= Lasiopyga) mona , Mona (= Lasio¬ 
pyga) campbelli , Cercopithecus pygerythrus (= 
Lasiopyga pygerytbra). The data obtained 
from the experiments on these monkeys, 
2.7 in number, were discussed in detail and 
charted in both individual and combined 
schematic figures (for latter, see C. and O. 
Vogt, plate 3, figs, la and b, 3). In addi¬ 
tion, a single specimen of Semnopithecus 
(= Pygathrix) entellus , representing the 
Scmnopithccinae (= Colobinac), the sec¬ 
ond sub-family of the Cercopithecidae, 
was stimulated. The results obtained 
from this animal (fig. 13) were practically 
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identical with those procured from the 
Cercopithecinac. 

In the catarrhinc monkeys, as in the 
platyrrhines, occasional reactions may be 
obtained from points of the postcentral 
area close to the sulcus centralis, if some¬ 
what stronger current be applied than that 
necessary to elicit response from the corre¬ 
sponding sections of the precentral gyms. 
This is a generally observed phenomenon 
and was probably responsible for the mis¬ 
conception that the excitable motor cortex 
extends into the postcentral gyms. The 
excitability in the postcentral gyms gradu¬ 
ally fades out caudalward in the direction 
away from the sulcus centralis, and no 
genuine response from the postcentral 
gyms can be obtained. The Vogts gave 
the explanation that the apparent response 
from the area posterior to the sulcus cen¬ 
tralis must be due to irradiation of the cur¬ 
rent from there to the corresponding section 
anterior to the sulcus. This they found 
to be in accord with the fact that after 
ablation of the postcentral area there was 
no paralysis in the organs which became 
paralyzed through destmetion of the cor¬ 
responding segment of the precentral gyms. 
Thus the Vogts definitely restricted the 
excitable motor area in all the lower catar- 
rhines, just as in the platyrrhines, to the 
area anterior to the sulcus centralis (see 
figs, ii and 13). 

In regard to the responses from the pre¬ 
central gyms of the lower catarrhines the 
findings of the Vogts largely agree with 
those of both earlier and later authors, 
including ourselves (Huber and Smith) on 
the macaque. Response is readily and 
consistently obtained and the movements 
elicited arc quite elaborate, though not as 
elaborate as those found in the anthropoid 
apes. Thus, for example, stimulation of 
the hand and finger area produces no such 
clearly isolated movements of the indi¬ 
vidual fingers as Sherrington and his co¬ 


workers have obtained in the anthropoid 
apes. Likewise the movements obtained 
from other parts of the body are not as 
detailed as in the anthropoid apes (see 
later). 

Lewandowsky and Simons (1909), being 
still in doubt about the inexcitability of 
the postcentral gyms, and rather favoring 
Rothmann’s findings, undertook investiga¬ 
tions with a view to settling this question. 
Repeating the experiments of Brodmann 
(1905), they extirpated the precentral gyms 
in a series of eight Old World monkeys 
(macaques and guenons), leaving the post- 
central gyms intact for subsequent stimula¬ 
tion. After the elapse of a long period 
(3 to 6 weeks), they found that following 
this destmetion of the precentral region 
the postcentral gyrus was not responsive to 
stimulation by even an extremely strong 
current. Extirpation of the postcentral 
gyms, on the other hand, did not influence 
the excitability of the precentral convolu¬ 
tion, which, as before, remained responsive 
to weak currents. 

Convincing as were these experiments, 
Rothmann (1912.) nevertheless opposed 
Lewandowsky and Simons, producing 
data from additional investigations. Yet 
the results of temporary freezing of parts 
of the motor cortex, an ingenious method 
introduced by Trendelenberg (1910, *n) 
in an attempt to avoid possible accessory 
injuries with the ablation method, did 
not produce satisfactory confirmation, as 
Rothmann himself admitted. Nor are 
the results of Rothmann's additional and 
somewhat modified ablation experiments 
convincing. 

Lewandowsky and Simons (1913) justly 
criticized Rothmann (1911), in that he 
failed to verify the extent of his ablations 
by histological study, which method 
alone would have given full proof as to 
whether or not he had succeeded in com¬ 
pletely removing the precentral gyrus. 
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Fulton and Keller (1932.) investigated 
the effects of ablation of the cortical leg 
area upon the plantar reflexes, especially 
the Babinski, in a series of catarrhinc mon¬ 
keys of various types. They found that 
removal of the leg area on one or both 
sides of the motor cortex failed to produce 
the Babinski reflex in the macaque ( Pithe - 
cus ), mangabey ( [Cercocebus ), pat as monkey 
(Erythrocebus ), and guenon ( Lasiopyga ). 
Only when the lower lumbar segments 
were freed completely from higher control 
by hemisection of the spinal cord was the 
Babinski response noted in these monkeys. 
This indicated that the Babinski in these 
animals is not controlled by the cortico¬ 
spinal pathways. In the baboon QPapio 
and Theropithecus ), on the other hand, re¬ 
moval of the cortical leg area led to the 
appearance of the Babinski reflex. The 
significant observation was made that the 
baboon was slower to recover motor power 
following a lesion in the leg area than were 
the other monkeys. Fulton and Keller 
therefore concluded that “cortical domi¬ 
nance” is more highly developed in the 
baboon than in the other Old World mon¬ 
keys studied. 

In addition to the above quoted stimula¬ 
tion and ablation experiments, detailed in¬ 
vestigations on the cyto-architecture of the 
motor cortex of the brain of lower catar- 
rhines (Macacus, Cerocopithecus ) were under¬ 
taken by various authors (Melius, 1904/05; 
Brodmann, 1906; Nanagas, 1911/13; and 
others). The results of these studies agree 
closely with those obtained from electrical 
stimulation. 

Thus gradually, through the contribu¬ 
tions of a number of investigators, a more 
accurate and fuller knowledge of the so- 
called “motor* * cortex of the lower catar- 
rhines has come about. 

b) Hylobatidae ([Hylobates and Symphalangus) 

The work of C. and O. Vogt (1906/07) 
includes a short reference to a stimulation 


experiment by Brodmann on the left hemi¬ 
sphere of a siamang ( Symphalangus syndac- 
tylus ) (fig. 15). It would be expected that 
the Hylobatidae would occupy a position 
intermediate between the lower catarrhines 
and the big anthropoid apes. This was 
found to be true. In contrast to the lower 
catarrhines the head area in this siamang 
appeared relatively small in comparison 
with the extremity areas. Among these 
the arm area exhibited a striking increase 
in size. 

A fuller experimental and histological 
investigation of the motor cortex in the 
“black” gibbon (= Hylobates sp ?) was 
later undertaken by Mott, Schuster and 
Sherrington (1911) (fig. 14). The authors 
emphasized the remarkable forward ex¬ 
pansion of the responsive motor cortex 
(fore limb area) in the region of the 
middle frontal convolution. This was ex¬ 
plained as a correlation with the use of 
the arms in the brachiating habits of 
the gibbon. 

Fulton and Keller (1932.) obtained essen¬ 
tially similar results from cortical stimu¬ 
lation of a specimen of Hylobates agilis . 
They also extirpated the leg area in this 
specimen (as well as in an example of Hylo¬ 
bates leucogenys ). This led to the appear¬ 
ance of a strong positive Babinski reflex; and 
the return of voluntary power was much 
slower than in either the baboon or the 
other catarrhine monkeys that they stud¬ 
ied. These results indicated the greater 
development-of “cortical dominance’* in 
the gibbon. 

c) Pongidae or Great Anthropoid Apes ( Orang¬ 
utan , Chimpanzee and Gorilla) 

It was not until 1891 that for the first 
time the motor cortex of a representative 
of the great anthropoid apes, an orang, 
was subjected to experimentation by Bee- 
vor and Horsley. This was a further step in 
the study of the primate cortex and toward 
the knowledge of the motor functions of 
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the human brain. A comparison of this 
publication with Bccvor and Horsley’s 
previous study on the macaque (1887) re¬ 
veals a far more exact delimitation of the 
responsive motor area, which however, 
was still shown as extending partly into 
the postcentral gyrus. A scries of details, 
including the observation of bilateral 
movements of the lip musculature, move¬ 
ments which have not been mentioned in 
the subsequent publications of Sherrington 
and his co-workers, need corroboration 
through further experiments. 

The experiments of Bcevor and Horsley 
on the orang constituted our only knowl¬ 
edge of the motor cortex of the great an¬ 
thropoid apes until Griinbaum and Sher¬ 
rington published two short preliminary 
accounts of their famous experiments on 
seven specimens, i.e. on the orang-utan 
(1901/01), the chimpanzee (1901/01, ’04) 
and the gorilla (1901/01, *04). 

A later publication by Roaf and Sher¬ 
rington (1906) described experiments on 
another orang. An additional, short ac¬ 
count of the stimulation experiment of an 
orafig is included in C. and O. Vogt's work 
(1906/07). 

It would be expected tharthc differenti¬ 
ation of the motor cortex in primates would 
parallel the general evolution of the brain. 
This was confirmed through the experi¬ 
ments. There is a decided advance in the 
anthropoid apes when compared with the 
gibbons and the catarrhinc monkeys. 

Griinbaum and Sherrington (1901/01, 
’04) found that the electrically responsive 
cortical motor area in the anthropoid apes 
unbrokenly occupies (this in contrast to 
Bcevor and Horsley) the whole length of 
the precentral convolution, and in most 
places the greater part or the whole of its 
width (see also Sherrington, 1906, p. 171) 
(figs. 16-18), In contrast to the lower 
catarrhines it extends downward almost 
as far as the fissura lateralis Sylvii. At the 


upper mesial edge of the hemisphere the 
motor area extends over upon the mesial 
surface of the hemisphere and posteriorly 
into the depth of the sulcus centralis. This 
is the posterior limit of the responsive motor 
area. It was also demonstrated that the 
postcentral gyrus is electrically non-respon- 
sivc (Griinbaum and Sherrington, C. and 
O. Vogt). This was confirmed through 
ablation experiments (Griinbaum and 
Sherrington, 1901/01). There were no ob¬ 
vious symptoms of paresis upon ablation of 
large parts of the postcentral gyrus. More¬ 
over, subsequent histological investigations 
by Campbell (1905) on the orang and chim¬ 
panzee showed that the large pyramidal 
cells did not extend posterior to the sulcus 
centralis Rolandi. It was likewise demon¬ 
strated by Holmes and May (1909) that 
chromatolysis consequent to cutting of the 
corticospinal tract in the upper cervical 
region of the chimpanzee did not extend 
behind the sulcus centralis. Thus through 
stimulation and ablation experiments and 
through correlated histological studies it 
was definitely proven that the motor area 
in the anthropoid brain, as in the lower 
catarrhines and the platyrrhines, is re¬ 
stricted to areas anterior to the sulcus cen¬ 
tralis Rolandi. 

In addition to the surface of the motor 
area that is actually exposed, there is a 
very considerable excitable area hidden in 
the deep, individually variable sulci which 
are so characteristic of the anthropoid 
brain. Griinbaum and Sherrington judged 
this hidden area to be as large as the free 
surface of the motor area (Sherrington, 
I 9 °®».P- *78). Later, however, Leyton 
and Sherrington (1917) expressed the opin¬ 
ion that the hidden area probably amounts 
to about one-third of the entire motor cor¬ 
tex. Sherrington (1906) indorsed Bcevor 
and Horsley’s view that the motor cortex 
of the anthropoid brain forms a relatively 
smaller fraction of the total surface of the 
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neopallium than it does in the lower catar- 
rhines. But he emphasized the fact that 
the motor area has grown in absolute ex¬ 
tent, and that its relative decrease is caused 
by the still greater increase of other areas 
belonging to the so-called "silent” fields. 
This vast expansion of inexcitable, richly 
convoluted fields is indeed one of the most 
outstanding features of the highly or¬ 
ganized neopallium of the anthropoid 
brain. In this, the great anthropoid apes 
closely resemble man. 

Within the excitable motor area of the 
anthropoid ape brain the regions represent¬ 
ing the various parts of the body were found 
to be in an arrangement which largely 
corresponds to conditions in lower catar- 
rhincs and higher platyrrhines (Becvor and 
Horsley, Griinbaum and Sherrington, C. 
and O. Vogt, and subsequent authors). 
All investigators agree, however, that 
there is a greater integration of localized 
movements in the anthropoid ape as com¬ 
pared with the monkeys (Sherrington, 
1906). More elaborate and very numerous 
movements from small subdivisions of the 
motor area can be obtained from the an¬ 
thropoid brain. Thus, for example, from 
the arm area isolated movements of the 
individual fingers were obtained upon 
stimulation of certain points. Other small 
parts of the body were represented in a 
similar way. Hines (192.9), in a critical re¬ 
view, states that “combination of discrete 
movements into a coordinated whole is 
more evident in the anthropoid cortex than 
in that of monkeys or of such laboratory 
animals as the rabbit, dog or cat.” 

In regard to the cortical representation of 
the mimetic musculature of man, compara¬ 
tive anatomical investigations on the catar- 
rhine monkeys and the anthropoid apes 
are of great significance. In catarrhine 
monkeys, and also in anthropoid apes, the 
mimetic musculature not only of the upper 
but also of the lower part of the face, es¬ 


pecially of the lips, has been reported to be 
in part bilaterally represented in the motor 
cortex (compare e.g. Becvor and Horsley, 
1894, on the macaque; 1891, on the orang). 
Such bilateral movements of the lip muscu¬ 
lature in the orang have not been confirmed 
by subsequent investigators. Contrary 
to Becvor and Horsley, Sherrington and 
his co-workers found that bilateral repre¬ 
sentation of the mimetic musculature in 
the anthropoid apes is restricted to and 
even accentuated in the muscles of the upper 
region of the face (i.e. the m. orbicularis 
oculi, mm. depressor and corrugator super- 
cilii and m. frontalis), but most noticeable in 
the m. orbicularis oculi (Griinbaum and 
Sherrington, 1904; Leyton and Sherrington, 
1917). In this respect the big anthropoid 
apes seem closely to resemble man, in whom, 
as seen from clinical cases and physio¬ 
logical observations, the mimetic muscles 
of the upper part of the face are evidently 
bilaterally represented. It is a well known 
fact that in man, in the facial palsy result¬ 
ing from central lesions restricted to one 
hemisphere, the mimetic muscles of the 
upper part of the face are but little im¬ 
paired, whereas there is a complete facial 
palsy in the lower part of the face. Thus, 
comparative investigations of the anthro¬ 
poid apes and man bring clear evidence 
against the view of some authorities (see 
Krause, 1911, Bd. I, p. 157) that the bi¬ 
lateral innervation of these muscles is a 
subcortical one. 

In exploring the motor cortex, Sherring¬ 
ton and his co-workers found it necessary 
to prick or tear small holes in the arach¬ 
noid to let out the cerebrospinal fluid, in 
order to avoid spread of current into areas 
adjacent to those under stimulation. Be¬ 
cause of the characteristic rich pattern of 
convolutions, which arc separated by deep 
sulci, and because of the closeness of the 
numerous small subdivisions of the motor 
field, stimulation experiments on the an- 
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thropoid brain require more precaution 
than do experiments on monkey brains. 
It is obvious that in the exploration of 
such a highly organized motor cortex only 
the unipolar method of stimulation could 
give satisfactory results. 

Most interesting are the results of abla¬ 
tion experiments undertaken by Sherring¬ 
ton and his co-workers. Even the first 
communication by Griinbaum and Sher¬ 
rington (1901/01) includes a short account 
of such experiments. Additional data, 
including references to the facial field, arc 
given in their second communication (1904). 
Further statements arc contained in Sher¬ 
rington’s book (1906), in the short publi¬ 
cation of Graham Brown and Sherrington 
(1913a), and in Leyton and Sherrington’s 
full presentation of the subject (1917). 
According to these accounts, extirpation 
of the arm area caused an immediate, 
severe crossed brachioplegia, which af¬ 
fected the fingers most. The paresis di¬ 
minished rapidly, and in six weeks’ time 
the animal had in large measure recovered 
the usefulness of the limb. Subsequent ex¬ 
tirpation of the arm area of the second 
hemisphere produced no noticeable change 
in the paretic and partly recovered arm, 
but, as would be expected, resulted in a 
paresis of the opposite arm. A lesion of 
the leg area similarly caused temporary 
paresis of the opposite leg, especially in the 
toes and at the ankle joint. This lesion 
was smaller and the recovery more rapid 
than in the instance of the arm area lesion. 
Ablation of the facial area resulted in 
crossed hemiparesis in the lips, cheek, nasal 
fold, lower eyelid (very slightly), but not 
in the upper lid, eyebrow and frontal region. 
Recovery from these lesions occurred. Rec¬ 
ords of these experiments have been pre¬ 
sented as moving pictures (Graham Brown 
and Sherrington, 1913b). 

Sherrington and his co-workers offered 
no explanation as to what mechanism is 


involved in the restoration of the motor 
function after excision of the electrically 
excitable motor area. The fact that after 
ablation of the corresponding motor area of 
the other hemisphere no change in the partly 
recovered limb took place, definitely proves 
that the second hemisphere did not play 
a rdle in the recovery of the originally 
affected limb (i.e. the limb contralateral 
to the cerebral lesion). On the other hand, 
the regained voluntary motility of the 
extremities, especially of the upper limb, 
and notably of the hand and fingers, is of 
such a complex nature that it somehow 
suggests cortical control as normally exists 
before the operation. It seems possible 
that the ablated portions representing the 
electrically excitable motor areas do not 
really cover the potential motor field, 
which may be much more extensive than 
it would appear from stimulation experi¬ 
ments. Thus Rothmann (1903) claimed 
that the actual motor area is far greater 
than that which is electrically excitable; in 
particular, he judged the upper extremity 
area to be of enormous extent. Sherring¬ 
ton did not seem to consider it likely that 
the remaining, perhaps less specialized, 
adjacent potential motor areas of the cortex 
take over the function after excision of the 
electrically excitable zones. In the experi¬ 
ments of Sherrington and his co-workers 
(e. g. in the case of ablation of the hand 
area) neither the ablation nor excitation 
methods gave evidence that the remaining 
part of the arm area had taken over the 
function of the extirpated hand region. 
Nor was the postcentral gyrus especially 
altered under experimentation; it had not 
become an area stimulable for arm, hand, 
or other movements, nor did subsequent 
ablation of the adjoining postcentral 
region cause recrudescence of the arm 
paresis. The authors likewise demon¬ 
strated that recovery of function was not 
the result of regeneration of the areas de- 
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stroycd (compare Leyton and Sherrington, 
1917, pp. Z07 ff.). Thus this fundamental 
question remains unsettled and suggests 
renewed investigation. 

In connection with ablation experiments, 
Fulton and Keller (1931) mapped out the 
electrically responsive cortex in chimpan¬ 
zees. After ablation of the leg area, the 
Babinski reflex appeared in two phases. 
Paresis was more profound and more lasting 
than in the monkeys or the gibbon. The 
indications were that ‘‘cortical domi¬ 
nance' * in the chimpanzee is more complete 
than in the other primates studied, and 
in this respect the chimpanzee more closely 
approaches man. Removing the second 
(opposite) leg area in some of their pri¬ 
mates, Fulton and Keller found that such 
an operation produced but little influence 
on the originally affected extremity in all 
of the monkeys excepting the baboon. 
This animal suffered definite and permanent 
impairment of motor power, as did the 
gibbon and the chimpanzee. This led 
them to conclude that baboon, gibbon and 
chimpanzee possess some degree of bilateral 
representation in the leg area, indicating 
that some of the corticospinal fibers to the 
lower extremity never cross. 

While in the anthropoid apes a gradual 
and almost complete recovery from extir¬ 
pation of the motor area takes place, in 
man the effects of destruction of the motor 
cortex are of far graver consequence. The 
results of ablation experiments in monkeys 
and anthropoid apes, correlated with the 
data from numerous cases of paralysis in 
human patients, show that in the ascending 
scale of the primates the motor cortex 
gradually takes over complete control of 
the voluntary movements and not merely 
their regulation. Through the fundamental 
investigations of Graham Brown and Sher¬ 
rington (1911) it becomes clear that the 
reactions from the motor cortex arc very 
complex and composite as compared with 


decerebrate or purely spinal reactions (see 
further Hines, 1919, pp. 479-48Z). The 
data obtained are invaluable for a clearer 
understanding of the highly complex 
voluntary actions in man. A discussion 
of these problems is given by Leyton and 
Sherrington (1917, pp. 176-180; see also 
v. Monakow, 1914). 

Sherrington and his co-workers have 
given special attention to the “echo-re¬ 
sponses * ’ from the postcentral gyrus. Griin- 
baum and Sherrington (1901/oz) mentioned 
that in the anthropoid apes feeble reactions 
may under certain circumstances be ob¬ 
tained from the postcentral gyrus, especi¬ 
ally through strong faradization. How¬ 
ever, they emphasized the fact that these 
responses were equivocal and occurred 
under circumstances that exclude their ac¬ 
ceptance as equivalent to motor reactions. 
Graham Brown and Sherrington later (1912.) 
formulated this more clearly, stating that 
points in the postcentral gyrus, when 
stimulated immediately after cessation of 
a stimulus of a point of the precentral 
gyrus, are frequently able to elicit some 
return of the movement obtained just 
previously from the precentral convolution, 
producing, so to speak, an echo of the 
preceding response. But this dies out 
usually after the first repetition (see also 
Graham Brown, 1914; Leyton and Sherring¬ 
ton, 1917). Ablation of a large portion 
of the postcentral gyrus gave no paralysis, 
not even transitory (Griinbaum and Sher¬ 
rington, 1901/01). Thus a chimpanzee, 
in which the postcentral convolution of 
the right cortex had been freely destroyed 
opposite the arm area, gave the hand at 
command ninety minutes after he came 
out of ether (Graham Brown and Shcrring- 
ton, 19x3). 

Graham Brown, applying the method 
of rapid freezing of small points of the 
cortex with the aid of liquid air, then 
demonstrated (1914) that the activity of 
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the postcentral gyrus must be physiological 
and not due to spread of current to the 
corresponding section of the precentral 
gyrus (compare C. and O. Vogt), except in 
cases where too strong a current is used. 
He discussed the possible explanations of 
this peculiar phenomenon (Graham Brown, 
1914, p. xxx). Thus it seems quite pos¬ 
sible that the postcentral gyrus has a modi¬ 
fying influence on the corresponding di¬ 
rectly excitable section of the precentral 
gyrus. 

C. and O. Vogt (1906/07, p. 361) em¬ 
phasized the fact that destruction of the 
postcentral gyrus in the monkey led to a 
decrease of the adequate characters of 
movements. The characteristic behavior 
of a monkey with the postcentral gyrus 
destroyed, in contrast with one in which 
the precentral gyrus was ablated, had previ¬ 
ously been vividly portrayed by Brod- 
mann (1905). Also, Lcwandowsky and 
Simons (1909) noticed marked ataxia 
after removal of the postcentral gyrus, 
which they, however, attributed to sen¬ 
sory disturbances (compare on the other 
hand Leyton and Sherrington, 1917, pp. 

X 09 '~ 2 .I 0 , xii). 

That the electrically non-cxcitablc pre¬ 
central region has a direct modifying influ¬ 
ence upon motor actions, becomes evident 
from the Vogts’ additional observation 
that destruction of non-excitable precen¬ 
tral areas resulted in loss of certain complex 
limb movements (1906/07, p. 361). In 
human beings it has moreover been ob¬ 
served that disease of the frontal lobes 
causes a very striking reversion from the 
complex motor behavior to a more primi¬ 
tive behavior pattern, because lower mech¬ 
anisms are released after damage to the 
dominating higher centers (Freeman, 1919). 

The publication by Leyton and Sherring¬ 
ton (1917), giving a. full account of the 
previous and additional, most extensive 
and most careful investigations of Sher¬ 


rington and his co-workers, crowned the 
investigations on the motor cortex of the 
great anthropoid apes. This work in¬ 
cludes the results and conclusions from 
experiments on 3 orang-utans, vl chimpan¬ 
zees and 3 gorillas. Thus the motor cor¬ 
tex of the great anthropoid apes has be¬ 
come the best known of the whole primate 
stock. The three great anthropoid apes 
seemed closely to resemble each other in 
regard to the motor cortex. But there 
were great individual variations and dif¬ 
ferences in the smaller details of localiza¬ 
tion of the right and left motor cortex of 
the same animal. The simpler examples 
of chimpanzee brains seemed inferior in 
development to well-developed examples 
of the brain of the orang, while in general 
the orang was found to be a little below the 
chimpanzee. The largest and most highly 
developed brain examined by Sherrington 
and his co-workers was that of a gorilla. 
The motor area in that specimen appeared 
to be, on the whole, the most extensive 
and most differentiated of those experi¬ 
mented upon (Leyton and Sherrington, 
19x7, p. 119). 

In respect to the general development of 
the fore brain, some investigators place the 
orang-utan above the chimpanzee and the 
gorilla (compare c. g. Jacob and Onclli, 
1911; Riese, *16; etc.). In more recent 
times the mentality of the chimpanzee has 
been studied by psychologists (Kohler, 
Ycrkcs, Kohts and others). The gorilla 
and the orang, on the other hand, less 
accessible and less cooperative in experi¬ 
mental work than the chimpanzee, are as 
yet little known and little understood. 
Some authorities, however, consider the 
orang to be of higher intelligence than 
either the chimpanzee or the gorilla. 

In the orang-utan the facial area in rela¬ 
tion to the rest of the motor area appears 
to be more extensive than in the other an¬ 
thropoids (see figs. 16-18). It was found 
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to be considerably longer from above down¬ 
ward than in the chimpanzee and gorilla 
(Sherrington, 1906; Leyton and Sherring¬ 
ton, 1917). Apart from this distinction, 
there seem to be no clear differences be¬ 
tween the motor areas of the three types 
of the big anthropoid apes (Leyton and 
Sherrington, 1917). That the motor cor¬ 
tex of the orang-utan would, at least to 
some extent, differ from that of the chim¬ 
panzee and of the gorilla, might be ex¬ 
pected in view of the fact that in other 
organ systems the orang differs widely 
from his anthropoid cousins, the chimpan¬ 
zee and gorilla, who closely resemble each 
other. This has been found most striking 
in a close comparison of the mimetic mus¬ 
culature of the three types (Ruge, 1887; 
Huber, 1931a). Renewed comparative 
studies on the motor cortex of the three 
big anthropoid apes may possibly bring 
out further differences. 

d) Man 

The first attempts to investigate the mo¬ 
tor cortex of the human brain were made 
by Bartholow in 1874. He experimented 
with both faradic and galvanic currents, 
using insulated needle electrodes, which 
were applied to the dura mater and also 
inserted directly into the brain substance. 
Movements were obtained from the head, 
neck and extemitics, but these responses 
were not referred to localized areas in the 
cortex. 

In succeeding years a scries of reports 
of more exact observations were published 
by various authors, chiefly by American 
neurologists and surgeons, among which 
those of Keen, Lloyd and Deaver, and 
Mills are notable for the exact manner in 
which faradization was used, as early as 
1888, as an aid in localizing the motor 
area of the cortex in connection with brain 
surgery. In 1897, Lamacq published an 
important paper on the motor cortex of 


the human brain, including a discussion 
of the observations of previous workers. 
More recently, most valuable contributions 
to our knowledge of the excitable human 
cortex have been made by Krause (1904, 
’05), Mills and Frazier (*05), Cushing (*09), 
van Valkenburg (*14), and Foerstcr ( f i6, 
*31) (see figs. 19 and 20). 

Encouraged by the experiments of Griin- 
baum and Sherrington upon anthropoid 
apes, Krause (1904, *05) stimulated a num¬ 
ber of human brains by unipolar faradiza¬ 
tion. He stressed the fact that, owing to 
the great variability of the pattern of the 
convolutions, pure anatomical orientation 
with a comparatively limited exposure of 
the cortex (arachnoid and pia mater being 
intact) is impossible. He warmly advo¬ 
cated the physiological method of electri¬ 
cal stimulation as the only means of exact 
localization in the operative treatment of 
Jacksonian epilepsy. 

Mills and Frazier (1905) independently 
followed the same line of work, for the 
most part using unipolar faradization upon 
anesthetized patients. 

Later Cushing (1909) and van Valkcn- 
burg (1914) presented most valuable data 
obtained from patients whom they had 
stimulated by the unipolar method in 
the conscious state. Their observations 
give evidence that in man the electrically 
excitable motor and the sensory areas arc 
separated by the sulcus centralis. This, 
however, docs not necessarily lead to the 
conclusion that the motor and sensory 
areas arc so sharply separated in a physio¬ 
logical sense. There is evidence that even 
in man the sensory area extends in front 
of the sulcus centralis into the motor area. 
This has been convincingly demonstrated 
in the macaque (Macacus rhesus and M. 
nemestrinus) by Dusser de Barenne (1914). 
Van Valkenburg, moreover, found that the 
sensible points for given parts of the body 
in the postcentral gyrus lie exactly parallel 
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to the corresponding motor points in the 
precentral gyrus (compare also Foerster, 
1931; and fig. 20). This characteristic ar¬ 
rangement is probably not solely due to 
a physiological coordinating influence of 
cortical sensibility upon motion (v.Valkcn- 
burg), but is presumably determined 
through morphological segregation of the 
motor and the sensory areas in the higher 
mammals by gradual evolution from a less 
differentiated sensory-motor area typical of 
the primitive mammalian ground-plan. 
Extensive comparative investigations on 
cortical localization by Brodmann strongly 
suggest such evolution. 

Foerster (192.6) studied the motor cortex 
in connection with operations on epileptics. 
A more recent report of his work (1931) is of 
great importance (see fig. 2 jo). He stimu¬ 
lated patients under local anaesthesia with 
threshold galvanic stimuli and under 
general anaesthesia with faradic current. 
In order to obtain circumscribed effects he 
found it essential that the cortex be dry 
and that the stimuli be of threshold 
strength. The threshold of the foci 
varied from one individual to another. 
He classified the motor areas of the 
cortex as pyramidal (corticospinal) and 
extra-pyramidal. The pyramidal area is 
confined to area 4, whose cells give rise 
to the fibers of the corticospinal tract. 
This area lies chiefly in the central sulcus 
and also in the precentral gyrus. It is the 
specific region for isolated innervations. 
Stimulation of points in this area produces 
isolated movements of a single segment of 
the limbs or of a single portion of the trunk 
or head, usually contralateral. Repre¬ 
sentation of the upper portion of the face, 
pharynx, vocal cords and masticatory 
musculature is bilateral. Stimulation of 
the trunk and thigh areas also occasionally 
produces bilateral movements of these 
parts. Movements of the sternocleido¬ 
mastoid and external pterygoid muscles 


are ipsilateral. There are separate foci 
for each finger. Separate innervation may 
be distinguished not only for single groups 
of muscles but likewise for individual mus¬ 
cles as well. When area 4 or the cortico¬ 
spinal tract is destroyed, isolated move¬ 
ments are no longer performed, yet volun¬ 
tary movement is by no means completely 
abolished. In such a lesion the individual 
is still able to perform complex flexor or 
extensor movements of the affected limbs, 
but the movements are combined (e.g. in 
spastic tetraplegia voluntary movement of 
a single limb also produces movements of 
the other three extremities). Such move¬ 
ments arise in the extrapyramidal areas 
(6aB, 5a, 5b, 2.2., 6aA, 3, 1, 2.). These 
regions do not give rise to fibers of the cor¬ 
ticospinal tract, but are connected to sub¬ 
cortical and other lower centers; they are 
the areas for “adversivc” and complex 
synergic movements which are in marked 
contrast to the isolated effects obtained 
from area 4. As long as the pyramidal 
system (area 4 and the corticospinal tract) 
is intact, stimulation of extrapyramidal 
areas 6aA and 3, 1, tl produces isolated ef¬ 
fects similar to those obtained from area 
4, but Foerster showed that these move¬ 
ments are due to spread to area 4 (this is 
made clear by cases of Jacksonian epilepsy 
or by epilepsy resulting from lesions of the 
precentral gyrus consequent to destruction 
of the corticospinal tract, and by isolating 
area 4 by cortical incision or superficial 
abrasion of area 6aA). It is interesting to 
note that area 6aA in man occupies the 
greater portion of the summit of the precen¬ 
tral gyrus, whereas in monkeys, according 
to Foerster, it lies in the frontal convolu¬ 
tion. It is likewise noteworthy that areas 
3, 1 and 1, which Foerster ascribes to the 
extrapyramidal system, arc located in the 
somaesthetic area, which lies in the post- 
central gyrus. Foerster concluded that 
both pyramidal and extrapyramidal areas 
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cooperate in the performance of voluntary 
movements, but that isolated effects arise 
only from the pyramidal area (area 4). 
This area therefore is to be regarded as the 
“motor cortex* * as defined in this paper. 
In respect to its location and subdivision 
Focrster*s investigations confirm and extend 
the results of previous workers on man. 

For obvious reasons, these experimental 
data obtained from man cannot be as com¬ 
plete as those produced from experiments 
upon other animals. It is important that 
the results so far obtained closely corre¬ 
spond to the findings from the more numer¬ 
ous and more complete experiments on the 
anthropoid apes. The true motor (pyram¬ 
idal) area of the human cerebral cortex 
lies in the region anterior to the sulcus 
centralis Rolandi, a large portion, as in 
the apes, forming the walls of this sulcus. 
The localization clearly follows the plan 
in other primates, the hind limb area bor¬ 
dering the superior longitudinal fissure, 
with the head area adjoining the fissure of 
Sylvius (see figs. 19 and 2.0). The results 
obtained from stimulation are in accord 


with studies on the cyto-architecture of 
the human and anthropoid cortex (Camp¬ 
bell, 1905; Brodmann, *09; v. Economo and 
Koskinas, *15) and with localization of the 
cells of origin of the corticospinal tract 
(Holmes and May, 1909). 

Hines (1919), after considering the data 
obtained from stimulation, ablation and 
accidental lesions, concluded that 

in spite of the great similarities of the motor cortex 
in ape and in man the importance of its intactncss for 
the maintenance of normal posture in the latter is 
apparently greater . . . Seemingly the motor cortex 
presides over fine individual movements, especially 
of the extremities. It regulates the distribution of 
tone in opposing muscle groups. It exerts apparently 
a certain restraint on reflexes and associated move¬ 
ments. It integrates, or perhaps interprets, certain 
incoming impulses which arc necessary for the coordi¬ 
nation of movements and movement sequence. More¬ 
over, it facilitates, augments and aids in gauging the 
amount of contraction of individual muscles or groups 
. . . The motor cortex may not be the site of origin 
of voluntary movement nor the gate through which 
learned movements pass, but certainly it assures to 
man that his muscular adjustments take place in the 
way to which he is accustomed and without undue 
effort or strain. 
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Figs. 1-7. Left Cerebral Hemispheres of Various Mammals, Showing the Electrically Responsive Areas 

of the Cortex 

The figures, having been taken from different sources, are not drawn to the same scale. They therefore are 
not indicative of relative size in comparison to one another. 

Fig. 1. Duckbill platypus ( Ornithorhynchus anatinus ). (According to experiments by Martin, 1898/99.) 
Side view. In this animal facial and fore limb areas partly coincide, while hind limb and tail areas are absent. 

Fig. 1. Opossum ( Didelthys virginiand). (Modified after Weed and Langworthy, 1915, and other authors.) 
Side view. The undisputed motor areas border on the orbital sulcus. 

Fig. 3. Hedgehog (.Erinaceus europaeus ). (After C. and O. Vogt, 1906/07.) View from the side and slightly 
from above. 

Fig. 4. Bat ( Pteropus Edwardst). (After C. and O. Vogt, 1906/07.) Side view. The inconstant hind limb 
area is located on the inner surface of the hemisphere. 

Fig. 5. Rat (M*r rattus). (After Lashley, 1911.) A.—Side view. B.—View from above. 

Fig. 6. Sheep ( Ovis ). (After Bagley, 192.x.) Brain seen from in front, with electrically responsive areas 
charted on left hemisphere only. 

Fig. 7. Cat (Eelis domestied). A.—Newborn kitten (after Weed and Langworthy, 1916). Side view. At 
this age the only responsive area is that of the fore limb, which has the same location as in the adult cat. B. 
—Adult cat (after Weed and Langworthy, 1916, and after unpublished observations by Huber and Smith). Side 
view. The electrically responsive areas are grouped about the cruciate sulcus, an arrangement characteristic 
of carnivores. 
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Figs. 8-15. Left Cerebral Hemispheres of Prosimians, Platyrrhinb and Catarrhine Monkeys, and Gibbons, 
Showing the Electrically Responsive Areas of the Cortex 

The figures, having been taken from different sources, arc not drawn to the same scale. They therefore are 
not indicative of relative size in comparison to one another. 

Fig. 8. Lemur ( Lemur macaco). (After C. and O. Vogt, 1906/07.) Side view. The motor cortex lies in front 
of a small sulcus which possibly foreshadows the central sulcus of monkeys, apes and man. 

Fig. q. Potto (Pcrodicticus potto). (After C. and O. Vogt, 1906/07.) Side view. The motor cortex is situ¬ 
ated in frong of sulcus “ce,” possibly homologous to the central sulcus of simians. 

Fig. 10. Marmoset ( Callithrix). (After C. and O. Vogt, 1906/07.) Side view. The lisscncephalic hemi¬ 
sphere has no suggestion of a central sulcus. The motor area, however, exhibits the same topographic 
.relations as in those monkeys which possess a well defined central sulcus. The cortex is differentiated histo¬ 
logically (Brodmann, 1909). In the phylogeny of the primate cortex the development of the cyto-architecture 
precedes the formation or the sulci and gyri. 

Fig. 11. Spider monkey ( Atcles ater). (After C. and O. Vogt, 1906/07.) Side view. The central sulcus, 
as in the catarrhines, is well-defined, and it marks the posterior border of the motor cortex. The prehensile 
tail is well represented. 

Fig. il. Macaque ( Pithecus ). (Combined drawing from stimulation experiments by various authors, includ¬ 
ing unpublished observations by Huber and Smith.) Side view. 

Fig. 13. Langur ( Semnoptthccus (= Pygathrix) entcllus). (After C. and O. Vogt, 1906/07.) Side view. 

Fig. 14. Gibbon (Jtiylobatcs). (After Mott, Schuster and Sherrington, 1911.) Side view. The fore limb 
area is well-developed, and is expanded forward into the middle frontal convolution. 

Fig. 15. Siamang ( Symphalangus syndactylus). (After C. and O. Vogt, 1906/07.) Side view. The fore 
limb area is relatively huge in its extent. 
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Fios. i6-lo. Left Cerebral Hemispheres of Great Anthropoid Apes and Man, Showing the Electrically 

Responsive Areas of the Cortex 

The figures, having been taken from different sources, are not drawn to the same scale. They therefore arc 
not indicative of relative size in comparison to one another. 

Fig. 16. Orang-utan (Pongo pygmaeus). (After Leyton and Sherrington, 1917.) Side view. The head 
area is relatively larger than in tne other anthropoid apes. 

Fig. 17. Chimpanzee ( Pan ). (After Grunbaum and Sherrington, 1901/02..) Side view. 

Fig. 18. Gorilla (Gorilla gorilla). (After Leyton and Sherrington, 1917.) Side view. 

Fig. 19. Man. (Outline from Spaltcholz’ atlas, with results of stimulation experiments by Krause, Mills 
and Frazier, Cushing, van Valkenburg, etc. superimposed.) Side view. 

Fio. 2.0. Man. (After Focrster, 1931.) Side view. Area 4 represents the true motor field (pyramidal area). 
The cxtrapyramidal areas are numbered 6aB, 5a, 5b, 2.2., 6aA, 3, 1 and 2.. 
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NEW BIOLOGICAL BOOKS 

The aim of this department is to give the reader brief indications of the character , the content , 
and the value of new books in the various fields of biology. In addition there will frequently 
appear one longer critical review of a book of special significance. Authors and publishers of 
biological books should bear in mind that The Quarterly Review of Biology can notice in 
this department only such books as come to the office of the editor. The absence of a book 9 therefore , 
from the following and subsequent lists only means that we have not received it. All material for 
notice in this department should be addressed to Dr. Raymond Pearl , Editor of The Quarterly 
Review of Biology, igoi East Madison Street , Baltimore , Maryland , U. S. A. 

BRIEF NOTICES 


EVOLUTION 

Oldoway, Die Schlucht des Urmenschen. 
Die Entdeckung des altstcinzcit lichen Mcnschen 
in Deutsch-Ostafrika. 

By Hans Reck. F. A. Brockhaus, Leipzig . 

8.70 marks (paper); 10.50 marks (cloth;. 

6x9; 308; 1933. 

In 1911 a Dr. Kattwinkel of Munich, while 
on a hunting expedition into that part of 
German East Africa which is now incor¬ 
porated into Tanganyika Territory, hap¬ 
pened upon the Oldoway gorge, found 
there a rich deposit of fossil bones, and 
brought several back with him to Germany. 
Two years later Dr. Reck headed an expe¬ 
dition, sponsored by the Geological-Pale- 
ontological Museum of the University of 
Berlin, to explore these deposits further 
and to study the geological structure of the 
gorge and the desolate and volcanic region 
surrounding it. The work was cut short 
by the World War, the service of the au¬ 
thor in the army, and his retention as 
prisoner in Egypt. After German East 
Africa became English territory much of 
Dr. Reek's material was transferred to 
England for study. In 1931 Dr. Reck and 
Mr. Hopwood, of the British Museum, 
were invited to join the East African Ar¬ 
chaeological Expedition, headed by Dr. 
Leakey of Cambridge University. This 
book gives an interesting and graphic 
account of the two expeditions—the hard¬ 
ships of travel, methods of work and re¬ 
sults. Oldoway proved to be a good 
hunting ground for a paleontologist with 
its vast profusion of bones of prehistoric 
animals—three-toed horses, hippopotami, 


etc.—and man. The most important find 
was the Oldoway skeleton, the skeleton 
of a man of the diluvial period, who was 
more highly developed than the Neander¬ 
thal man and knew how to fashion in¬ 
struments for his use from wood, quartz, 
obsidian and lava. In one chapter the 
author attempts to reconstruct the sur¬ 
roundings and life of this period. His 
opinion is that the eruption of a volcano 
caused a mass destruction of the inhabitants 
and the paradise in which they lived. 

The book is equipped with an index, 
numerous photographs and drawings, and 
a map. It will interest the general reader 
as well as the paleontologist. 



Concealing Coloration among Some 
Desert Rodents of the Southwestern 
United States. University of California 
Publications in Zoology , Vol. 40 , No. 1. 

By Seth B. Benson . University of Califor¬ 
nia Press , Berkeley. $i.L5« 6f x io^; 69; 

1933 (paper). 

A field study of the distribution of mam¬ 
mals inhabiting the Tularosa Basin of 
southern New Mexico, particularly an area 
of white sand dunes and black lava flow, 
shows that only those mammals which 
tend to be isolated on these areas parallel 
them in color. Not all races exhibit the 
same degree of pigmentation nor is the 
range of variation within the race the same, 
but there is a definite departure from the 
normal. The author reaches the con¬ 
clusion that 
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The hypothesis of the operation of natural selection 
toward producing protective coloration, together with 
the factor of isolation, appears to be the best explana¬ 
tion of the development of the races peculiar to the 
dunes and to the lava. 

The extremely wide range of variation present in 
some of the races inhabiting these special areas is 
probably due to the fact that the barriers which en¬ 
close them are not impassable, even to animals which 
tend to to be restricted to dunes and [or] rocky places, 
thus allowing “normal” individuals from the sur¬ 
rounding area to intermingle and interbreed with the 
peculiar races. It is possible, however, that the wide 
range of variation may mean that selection has not 
yet established a constant race. 

The study includes a general account of 
mammals present in the lower parts of the 
Tularosa Basin, meteorological data of the 
region and detailed descriptions of the im¬ 
portant features of the lava beds and sand 
dunes, with illustrations. There is also 
a literature list of 49 titles and a number of 
figures and plates. 



Evolution and Redemption. 

By H. P. News holme. Williams and Nor - 

gate, London . 8s. 6d. net. 4! x 7J; 2.67; 

I 933 * 

This book sets forth a very pious version 
of Lamarckism. In the beginning God 
created spirits, to whom He gave ‘ ‘freedom 
to attain expression of themselves, and 
thereby of God from Whom they were 
derived, through a material created out of 
their own substance/* By misuse of their 
freedom, either from cowardice or from 
self-will, these spirits introduced a bias 
into matter, which manifests itself as 
inertia, death, sin, disease and suffering. 
Evolution has been a process of casting 
off this inertia. Those organisms whose 
strivings were in harmony with the im¬ 
manent divine element developed along 
the main track of evolution, while those 
which were motivated by cowardice or 
self-will diverged into blind alleys. But 
even in the main line of evolution the bias 
of inertia still clung to matter. It was 
therefore necessary that the Creative Spirit 
should become Man, should take upon 
Himself and overcome inertia. 

In his discussion of the Virgin Birth the 
author concludes that “The irruption of 
the spiritual through the material, in 
breaking the inertia of the latter may 


break also the uniformity of natural law.** 
But is there any need of assuming a break 
in natural law? We are informed by a 
medical friend, formerly an interne in a 
New York obstetric ward, that a consider¬ 
able proportion of the unmarried mothers 
delivered there state that theirs is a case of 
virgin birth. If then human partheno¬ 
genesis is a not uncommon phenomenon in 
the twentieth century, need we interpret 
its occurrence in the first century as 
miraculous? 



Trois Probl^mes: l*Esp£ce—lTnstinct— 
L*Homme: VAllure du Diveloppement , Crt- 
tirium d'Espece; La Synergic Eonctionelle 
Automat ique, Source de VInstinct; l*Homme, 
Anthropoide Ralenti de Diveloppement. 

By Emile Devaux. Librairie E. Le Fran¬ 
cois, Paris. 15 fr. 6| x 10; xii + 350; 

1933 (paper). 

The ideas of Darwin, Lamarck and others 
are freely borrowed in this book which ac¬ 
cording to the author expresses a novel 
view of evolution. His theory is founded 
on the fact that each species has a different 
rate of development ( allure du diveloppe¬ 
ment). A change in this rate causes mu¬ 
tation and is due to hunger and other 
physical hardships which affect the or¬ 
ganism and the sexual organs in particular, 
and through these the germ cells. The 
slower the rate of development, prenatal 
especially, the higher in the scale of evolu¬ 
tion rises the animal. Man is thus an 
animal with retarded development, but he 
is superior to the others with eaual or 
slower rates because of the preponderance 
of the brain and nervous system. 

The object of this book is to present this 
theory in the hope that experiments be 
undertaken to prove or disprove it. 

The na'ivet6 of the writer is refreshing 
indeed. After all, why build a theory on 
arrays of statistics, experiments or multiple 
observations when ingenious inferences 
satisfy the author just as well? 



Studies of the Pliocene Palaeobotany of 
California. Contributions to Palaeontology, 
Carnegie Institution of Washington Publication 
No. 412 . 
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Carnegie Institution of Washington , D. C. 

6} x io; 134 + 18 plates; 1933. 

The first ana longer paper in this volume 
is on Pliocene Floras of California. Erling 
Dorf reports fossil plant remains of 34 
species taken from 16 localities. Ten of 
tnese localities are less than 35 miles from 
San Francisco Bay, the other six at much 
farther points to the north and south. 
The formations in which they occur are of 
lower to middle Pliocene age. The occur¬ 
rence of'the plant bearing horizons within 
each of the various formations is treated 
in detail. The study is documented and 
indexed. 

The second paper is on Woods from the 
Ricardo Pliocene of Last Chance Gulch , Cali¬ 
fornia by Irma E. Webber. This is based on 
a field and laboratory study of petrified 
wood. The species represented arc all 
similar to or possibly identical with those 
now living in the southern United States. 
Both papers arc excellently illustrated. 



Evolution of Habit in Birds. 

By Edmund Selous. Constable and Co ., 
London. 10 shillings net. 5 x 7$; xvi 
+ 196; 1933. 

The author writes of such matters as for¬ 
malization and the disappearance of the 
fighting instinct, nest-building, sexual 
display, landed proprietorship, domestic 
cleanliness, parental care, song, and the 
storing habit of the California woodpecker. 
But his ideas and discussions of their ori¬ 
gin and development are essentially similar 
to those of the Romancs-Hacckcl-Wcis- 
mann era. Many detailed observations 
taken from field notes on a variety of spe¬ 
cies of birds are offered to illustrate the 
conclusions. The book is written in the 
author's usual charming, though at times 
difficult, style. The index is adequate, 
well-prepared, and, one might say, as in¬ 
terestingly written as the rest of the book. 



The Principles of Historical Geology 
from the Regional Point of View. 

By Richard M. Field. Princeton Univer¬ 
sity Press, Princeton , N. J . $3.50. 6 x 
9; xii + 183 + 10 plates; 1933. 


The plan on which this textbook is laid 
out is to introduce students to the working 
methods of historical geology by discus¬ 
sing in turn six regions, the Grand Canyon, 
Niagara Falls, the Appalachians, the 
Northwest Highlands of Scotland, the 
Alps, and the Yellowstone Park, begin¬ 
ning with localities in which the suc¬ 
cession of geological events is easily traced 
and proceeding to more obscure situations. 
The biological aspect is largely omitted. 
The illustrations are block diagrams and 
topographical maps and they include 
drawings of relief maps of the regions de¬ 
scribed. Interest has been added by notes 
on the adventures of the pioneer geologists 
who worked in these regions and by an 
entertaining chapter on the history of 
stratigraphy. It can be recommended to 
anyone interested in “the scientific inter¬ 
pretation of scenery" and to scientifically- 
minded tourists. 



Merkmale und Grenzen in der Domesti- 
kationsfrage am Gebiss. Deutsche Zahn - 
heilkunde Heft 84. 

By Heinrich Fabian. Georg Thieme , Leip- 

Zig. 8 marks. x 9J; 99; 1933 (paper). 
Although most of the defects of teeth and 
jaws of wild and domesticated animals 
considered in this summary of the com¬ 
parisons made by the author and others, 
were found to be more prevalent in the 
domesticated forms, animals living in the 
wild may, and do, acquire such defects 
under certain conditions, e.g. scarcity of 
necessary food elements. Ergo, the author 
concludes that it is not domestication itself 
or the length of time involved that is 
essential. It is rather the manner in 
which it has been carried out, from environ¬ 
mental and dietary points of view. The 
book is provided with a bibliography of 
3 pages and many excellent photographs. 



Phylogenesb und Gbschwulstentsteh- 

UNG. 

By Max Glogner. Johann Ambrosi us 
Barth, Leipzig. 1.60 marks. 6 x 9J; 32.; 
1933 (paper). 

A presentation of the author’s theoretical 
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views on the etiology of malignant tumors. 
On the basis of experimental studies on the 
heredity of malignant disease, the changes 
in its development, and the similar behav¬ 
ior, morphologically and physiologically, 
of protozoan and malignant cells, the au¬ 
thor favors the phylogenetic theory accord¬ 
ing to which the malignant cells are thought 
to be descended from the protozoan cells 
from which the early multicellular organ¬ 
isms arc held to have been formed. Al¬ 
though most of these cells are transformed 
into metazdJ^ cells some retain protozoan 
characteristics* and thus the protoplasm of 
malignant cells has been transmitted 
continually, from the earliest times of 
organic life, by the germinal substance of 
the sex cells. The brochure lacks index 
and bibliography, and, we venture to 
think, probatory cogency. 



Teleological Factors in Evolution. 
Function Determines Structure. A Thesis Pre¬ 
sented to the Faculty of the American University 
Graduate School in Partial Fulfillment of the 
Requirement for the Degree of Doctor of Phi¬ 
losophy, Washington, D. C., 1932. 

By Leon A. Fox. [Limited number of copies 
for free distribution; apply to Major Leon A. 
Fox, Room 3030 Munitions Bldg., Washing¬ 
ton.] 6 x 9; ix + 71; 1933 (paper). 

This doctoral thesis reviews the factors 
that have been suggested as responsible for 
evolution. The author concludes that 
mutations and chance variations do not 
furnish sufficient grist for the mill of nat¬ 
ural selection and that purposeful adapta¬ 
tions must be postulated to account for 
the facts of evolution. He is inclined to 
interpret the inheritance of diabetes, re¬ 
fractive errors and glaucoma and the 
development of the trotting horse as ex¬ 
amples of the inheritance of acquired char¬ 
acters. Whereas formerly it took years 
of training to develop a trotter, nowadays 
trotters are born, not made. There is a 
bibliography of four pages but no index. 



The Long Road. From Savagery to Civili¬ 
sation. 


By Fay-Cooper Cole . The Williams 4 ? 

Wilkins Co., Baltimore . $1.00. 5x7!; 

xi + 100; 1933. 

Besides its display at Chicago of the tangi¬ 
ble fruits of the past hundred years of sci¬ 
entific and technical development the Cen¬ 
tury of Progress Exposition is sponsoring a 
scries of books presenting in brief our pres¬ 
ent-day knowledge of the various sciences. 
In this number of the scries one of the 
leading American anthropologists tells 
the story of the long ascent from Pithe¬ 
canthropus to modem man, the physical and 
cultural development that has taken place, 
and the differentiation of modern races. 
The book contains a bibliography of two 
pages, but no index. It is illustrated with 
reproductions of the admirable murals in 
Logan Museum, Beloit College, showing 
various stages of culture. 



Conodont Studies Number 1 and Number 2. 
The University of Missouri Studies, Vol. VIII, 
Nos. 1 and 2. 

By E. B. Branson and M. G. Mehl . Uni¬ 
versity of Missouri, Columbia. $1.2.5 each. 

7I x ioj; 167 + 12. plates; 1933 (paper). 
Conodonts (fossil teeth supposedly from 
primitive fishes) arc treated taxonomically 
m these studies to make them more useful 
as geologic horizon markers. A short 
introductory section gives methods of han¬ 
dling the material for study. Then follows 
the classification under subheads corre¬ 
sponding to sources of the material. Each 
section is supplemented with plates illus¬ 
trating the species characters. The value 
of conodonts as horizon markers lies in the 
favorable possibilities for correlation in 
wide-spread forms, the short vertical range 
of species, and the hardiness of the ma¬ 
terial. 



The World of Fossils. 

By Carroll L. Fenton . D. Appleton-Cen- 
tury Co., New York . $1.00. 4J x 7$; x 
+ i 8 3 ; 

A book that will interest the general 
reader. The author discusses fossil forms, 
from the earliest known creatures of the 
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water to mammoths and men, as the “re¬ 
mains of living organisms which had work 
to do, problems to solve and emergencies 
to meet . . . " The volume is illustrated 
with figures and maps, and contains a 
section on references and collections, a 
glossary, and an index. 



GENERAL BIOLOGY 

HvalrAdets Skrifter. Scientific Results 
of Marine Biological Research. Nr. 7. Essays 
on Population. 

Edited by Universitetets Biologiske Labora - 

torium . Jacob Dybwad y Oslo . 7 x iof; 

152. + 6 plates; 1933 (paper). 

These studies emanate from the Biological 
Laboratory at Oslo, Norway. They are 
concerned with the report of investigations 
primarilv related to the whaling industry. 
The task has been approached with in¬ 
telligence, however, in that the authors 
have not hesitated to draw upon other 
forms for illustrative purposes as well as 
to delve into theoretical matters where 
needed. The present volume (the seventh 
in the series) is constituted by five separate 
essays. These are, 

1) Johan Hjort: Whales and Whaling. 2.) Per 
Ottestad: A mathematical method for the study of 
growth. 3) Alf Klcm: On the growth of popula¬ 
tions of yeast. 4) Johan Hjort, Gunnar Jahn and Per 
Ottestad: The optimum catch. 5) Norwegian Pelagic 
whaling in the Antarctic. II. 

The first article on whales and whaling 
may be recommended as an interesting 
natural history report on the types of 
whales and their habitat relationships. 
The third paper on yeast growth attempts 
to analyze the general dependence of 
growth upon the means of subsistence, and 
the poisonous waste-products which de¬ 
velop with increase of population size. 
This paper, representing an abundance of 
experimental work, may well be called 
to the attention of yeast workers. In the 
essay on the “Optimum Catch *' the primary 
problem of the volume is developed. Sim¬ 
ply put, this problem is: how can the 
populations of the seas, specifically whale 
ana fish populations, be exploited to a 
maximum degree and still not be in danger 
pf extinction? The authors present data 


showing how some populations arc af¬ 
fected by natural and human toll along 
with reserved propaganda for international 
rules and regulations on the whaling in¬ 
dustry. 

This book may well be drawn to the 
attention of biologists and represents a 
distinct contribution to the literature on 
population. The text seems not to have 
teen carefully proof-read since various 
typographical errors occur including oc¬ 
casional misspellings. The essays are all 
in English. 



The Universe and Life. 

By H. S. Jennings. Yale University Press , 

New Haven. $1.50. 5! x 8; 94; 1933. 

This small volume represents a formal 
contribution to the philosophy of life and 
the universe. The book, to a biologically- 
minded reviewer at least, has the attribute 
of being clear and understandable when 
compared to the frequent and often enig¬ 
matical writings of the physical scientists. 
The subject matter is treated under the 
three following divisions: the nature of 
the universe as revealed by the study of 
biology, the nature of evolutionary prog¬ 
ress, and the management of life. A fun¬ 
damental thesis of the philosophy is that 
the universe, at first lifeless, later produces 
life through its own activities and with 
this production a new universe is created 
which," . . . begins to become conscious 
of itself, begins to feel, to think, to have 
ideas and purposes and ideals." In other 
words, in giving rise to mental processes 
new things arise in the universe which are 
only known as they occur and are ex¬ 
perienced . The author also points out that 
life is moving onwards; following a new 
course towards a non-existing and non- 
predictable goal. 

A stimulating book. 



Cytological Technique. 

By John R. Baker. Methuen and Co. f 
London. 3s.6d.net. 4I x 6f; xi + 131; 
1933 - 

Professor Baker has written briefly and 
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interestingly on the technique of making 
cytological preparations of animal cells, 
on the chemical and physiological proper¬ 
ties of the important reagents and stains, 
and on the development of the standard 
techniques, and, everything considered, 
has been able to say a good deal in this 
little manual. As he puts it the 

guiding principle has been to give as few methods as 
possible, and to describe them in great detail, with 
full information as to the nature of the reagents used. 
It has been my object to tell the student throughout 
what he is doing, so far as is possible in such a difficult 
subject. All irrational methods, with which the 
literature abounds, have been carefully avoided. 
Many investigators have published formulae for fixa¬ 
tives and other fluids, without giving any indication 
of the researches which have lea up to them. They 
have given no concrete evidence of why they arc to be 
preferred to other fluids, nor of whether various pro¬ 
portions of the substances used were tried, with what 
results. 

The use of this handbook ought to lead 
to more critical use of cytological methods 
on the part of students and it might serve 
to stimulate research on the methods them¬ 
selves by more advanced workers. 


Handbuch der Biologischen Arbeitsme- 
thoden. Lieferung 413. Allgemeine ver- 
gleichende Physiologic. Containing follow¬ 
ing articles: Das nasse photographische 
Kollodiumverfahren im Dienste des Biologen, 
by Carl J. Cori; Methodik der biologischen 
Lichtwirkungen, by Ludwig Pincussen; Vber 
die Methoden %ur Konstanthaltung von Tern- 
peratur und Luftfeuchtigkeit im biologischen 
Laboratoriumsversuch , by Ernst Janiscn. 

Urban und Schwarzjsnberg , Berlin . 5.80 

marks. 7 x 10; m; 1933 (paper). 

Cori claims a greater sharpness of photo¬ 
graphic detail and less expense for a moist 
collodion plate method used in commercial 
photography, and describes his method 
for preparing and handling the plates. 

Pincussen covers several phases of the 
new developments in his subject; his de¬ 
scriptions of equipment include the newer 
types of light sources whose radiation is 
limited to narrow spectral bands, thermo¬ 
couples, and photoelectric cells. He de¬ 
votes about 30 pages to methods of study¬ 
ing light reactions of plants and animals. 
Lunz contributes a chapter on a large spec¬ 


troscope with two prisms for producing 
monochromatic light. 

Janisch discusses the elementary prin¬ 
ciples that ought to govern the selection 
and care of constant temperature apparatus 
describing little niceties of technique. He 
takes up some simple methods of humidity 
control that make use of the vapor pres¬ 
sure of known concentrations of salt solu¬ 
tions, presenting tables showing the rela¬ 
tive humidity of air in equilibrium with 
certain solutions at different temperatures. 



Uber Entstehung und Entwicklung des 
Lebens. 

By Fr. Samberger. Leopold Voss , Leipzig . 
1.40 marks. 5 x 7I; 55; 1933 (paper). 
The author, director of the dermatological 
clinic of the University of Prag, sets forth 
in this booklet a theory of evolution based 
on an alleged principle that higher or- 

f janisms, including man, developed from 
ower forms of their own special proto¬ 
plasm and not from lower organisms , as 
assumed by the current theories. Ac¬ 
cordingly, all life has passed first through 
its “premiere” of evolution in which the 
original types of all individuals developed 
from the specific original cells of their 
genus. Man, therefore, he concludes, was 
formed not through phytogeny but through 
anthropogeny, as witnessed by the naevi 
and all atavisms in man. The author sees 
the source of the whole development of all 
living matter in an inner striving after 
the optimum of existence; the evolutionary 
transformations of living matter flow from 
its own initiative activity and are by no 
means the mere consequence of the passive 
adaptability to outer stimuli, as assumed 
by Lamarck, Darwin and Roux. The book 
lacks index and bibliography. [Reginald, 
our procacious Office Boy, says that the 
only biologists likely to be influenced by 
this treatise arc God and Bernard Shaw.] 



Jungle Memories. 

By Henry H. Rusby. Whittlesey House, 
McGraw-Hill Book Co., New York. $3.50. 
5! x 9; xiii + 388; 1933. 
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Professor Rusby recounts the story of his 
expedition in 1883-87 to South America in 
search of coca and other medicinal plants. 
Across the Andes, through the jungles of 
the Beni, Madeira and Amazon valleys he 
traveled using the most primitive means 
of transportation. The strength of his 
personality is evident in every page, as in 
a nonchalant manner he briefly relates some 
mortal peril evaded or difficulty overcome. 
His almost daily adventures did not deflect 
him from the scientific objective of his 
expedition and he continuously noted 
and collected plants and animals. A de¬ 
scription of the flora and fauna of those re¬ 
gions he has given in his scientific publica¬ 
tions but what is mentioned here is sufficient 
to emphasize the richness of life there. We 
suggest that this book should be read in 
connection with that classic of Amazonian 
travel literature. White Waters and Black. 


Elements of Biology With Special Refer¬ 
ence to Their RSle in the Lives of Animals. 
By James W. Buchanan. Harper and Broth¬ 
ers , New York. $3.00. 5I x 8; xx + 


478, 1933* 

This textbook has been designed with the 
liberal arts student in mind: “the content 
.of the volume includes the understanding 
and information that the intelligent lay¬ 
man might reasonably be expected to have 
as the result of his experience in a general 
course.’* The arrangement follows in the 
main the conventional type of general 
biology textbooks but more references to 
man are included and a greater use of small 
mammals as laboratory material is sug¬ 
gested. The book concludes with a glos¬ 
sary and an adequate index, and suggested 
reading lists are given at the end of each 
chapter. The illustrations are for the 
most part new or redrawn. 


The Association of the Termites, Kalo- 

TERMES MINOR, ReTICULITERMES HESPERUS, 
AND ZOOTERMOPSIS ANGUSTICOLLIS WITH 

Fungi . University of California Publications 
in Zoology , Vol. 39, No. j. 

By Esther C . Hendee . University of Cali¬ 


fornia Press , Berkeley . 30 cents. 6| x 10J; 

14; 1933 (paper). . 

Representatives of 33 genera 01 fungi were 
isolated from the colonies of three species 
of termites of diverse habitat. No fungus 
appeared to be peculiar to anv one termite 
species, and PeniciIlium and Trichoderma 
were isolated from each. Neither was 
there any specificity as far as the wood was 
concerned, and it appears that the termites 
carry spores about with them. No de¬ 
cision was reached as to whether the fun¬ 
gus makes wood more available or more 
attractive to termites. 


The Biology of the Protozoa. Second 
Edition. Thoroughly Revised. 

By Gary N. Calkins. Lea and Febiger, 

Philadelphia. $7.50. 3! x 9^; xi + 607; 

I 9J3* 

Previous mention has been made in these 
pages of the first edition of this very excel¬ 
lent standard textbook. The present edi¬ 
tion has been thoroughly revised and rear¬ 
ranged. It emphasises the conception of a 
changing organization brought about by 
continued metabolism. This conception 
“furnishes the basis for an interpretation 
not only of life histories but of the signif¬ 
icant biological phenomena of cell division, 
maturity, sex differentiation, fertilization 
and senescence as well.” There are new 
sections on parasitism and disease. Refer¬ 
ence to protozoan flagellates has been 
limited to the Zodmastigophora. The 
bibliography has been brought up to date. 


New Introduction to Biology. 

By Alfred C. Kinsey. J. B. LippincottCo ., 
Chicago. $1.68. 5J x 7^; xxiii + 840; 
I 933- 

The review of the first edition (noticed in 
Volume 2. of this Review) considered it 
particularly noteworthy because of its ex¬ 
cellent illustrations. The second edition 
has even more and equally good illustra¬ 
tions. The arrangement of the various 
main subjects has been changed somewhat 
and new material has been added. Most 
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of the references arc at the end of the sec¬ 
tions to which they refer. Summaries, 
problems, and a glossary should make it a 
useful high school text. There is a good 
index. 



Life-Giving Light. A Century of Progress 
Series . 

By Charles Sheard. The Williams & Wil¬ 
kins Co., Baltimore. $1.00. 5 x -j\\ x + 

x 74i I 933 • 

Shcard’s book is plentifully studded with 
quotations from scientific textbooks, classi¬ 
cal literature, and the Bible, and its style 
frequently rises to such heights as, “Man, 
a creature of heaven-given light, has sup¬ 
plemented Nature by first imitating her and 
then, having wrested some of her secrets 
from her, by challenging her.“ With the 
aid of this little book the whole subject 
of the biological effects of light can be 
made plain to any clergyman. 



Bechamp or Pasteur? A Lost Chapter in 
the History of Biology. 

By E. Douglas Hume. Founded upon Mi'. 
by Montague R. Lever son. C. W. Daniel 
Co., London. 6 shillings. 5* x 8; 301; 
I 93 1 * 

This is the second edition of a bit of anti¬ 
vivisection and anti-vaccination propa¬ 
ganda intended to prove that Pasteur’s 
conclusions are false and that one of his 
opponents, Bechamp, ought to be regarded 
as a hero by all health faddists. Maybe 
he should. 



The Living Universe. 

By Sir Francis Younghusband. E. P. 
Dutton and Co., New York. $3.00. 5! x 

8i; x + 151; 1933. 

In this book the author develops further 
his interpretation of the universe as the 
manifestation of a Cosmic Spirit and his 
speculations as to the existence of life 
on the planets of other stars. 


Bulletin de l* Association des DiplAmes 

DE MlCROBIOLOGIE DE LA FACULTfi DE 

Pharmacie de Nancy, No. 6. 

Faculti de Pharmacie, Nancy. 6J x 9§; 
48 ; 1933 (paper). 
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Jocasta’ s Crime. An Anthropological Study. 

By Lord Raglan. E . P. Dutton and Co., 

New York. $1.13. 4I x j\; xii + 115; 

no date. 

Few acts are surrounded with such an aura 
of horror as incest, yet we should be hard 
put to explain why intercourse between 
near kin should arouse a reaction of horror. 
Nor have moralists or anthropologists been 
more successful in their attempted ex¬ 
planation of the incest taboo. Some have 
postulated an instinctive basis; but an 
instinct which somehow got left out of 
the composition of the ancient Egyptians, 
Persians and Incas is hard to credit. Some 
have derived the incest taboo from obser¬ 
vation of the harmful effects of inbreeding; 
but there is no good evidence that inbreed¬ 
ing is harmful and, as Lord Raglan points 
out, primitive man was not a legislator who 
established new customs to serve certain 
rational ends. 

Lord Raglan himself suggests that the 
origin, not only of the incest taboo, but of 
the taboos on menstruous women and on a 
man’s meeting his mother-in-law, is to be 
found in magic. The second of these 
taboos is probably the oldest. 

Wc may perhaps suppose that the mysterious and 
apparently causeless character of the [menstrual] flow 
filled early man with a surprise which developed 
gradually into alarm, and later into horror, and that 
he developed pari passu a most elaborate system of 
precautions against the magical dangers which he 
believed to threaten him. 

Since running water is a sovereign anti¬ 
dote against magic, the safest plan was for 
the men of a tribe to live on the opposite 
side of a stream from the women and merely 
visit them surreptitiously for intercourse. 

This would not last for very long; old men would 
stav with the women, and old women with the men, 
ana the idea might gradually arise that it was safe 
for people of both sexes to live on the same side so long 
as tncy did not have sexual intercourse. There was as 
yet no individual marriage—the divine king and queen 
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were the first pair to be married—but the men would 
tend to visit tne same women, those nearest to them 
on the opposite bank, and these would often be in 
fact their cross-cousins, though the relationship was 
not yet recognized: when individual marriage came 
into existence, cross-cousins were the people between 
whom it could be most easily arranged, if the rule 
of exogamy was to be observed. 

All this time, we may suppose, the belief in an¬ 
cestral spirits had been slowly developing, and the 
danger from a breach of the menstrual taboo, which 
had formerly been supposed to come from the women 
themselves, or their blood, was in part transferred to 
the spirits, who thus became jealous guardians of the 
taboo. The women were secluded during their period, 
and old women were set to guard them.Even¬ 

tually, when individual marriage was evolved, the 
individual mother-in-law replaced the old women of 
the group. 

In this way would come about the or¬ 
ganization of the tribe into exogamous 
clans, the members of which would be 
forbidden to have intercourse with each 
other, however remote their relationship 
might be, while near relatives might have 
intercourse if they belonged to different 
clans. In a later stage of development the 
clan system broke down and the taboo on 
intercourse was applied to near relatives on 
both the father’s and mother’s side. 

There arc, however, also traces of an¬ 
other magical system, a creation ritual in 
which a brother married his sister. The 
myth of Oedipus and Jocasta is, according 
to the author, a reminiscence of the con¬ 
flict between these two incompatible sys¬ 
tems of magic, one commanding a man to 
marry his sister, the other forbidding him 
to do so. 

This is an extremely interesting book on 
a frazzling subject. The author does not 
claim to have proved his theory; it has, 
however, the advantage over previous 
theories that it attempts to account for all 
the features of the three early sexual taboos 
and not merely a few selected features of 
one selected taboo. The author has been 
so thoughtful as to provide the reader with 
a bibliography of six pages and an excel¬ 
lent index. 



Population Trends in the United States. 
By Warren S. Thompson and P . K. Whelp - 
ton, McGraw-Hill Book Co ., New York . 
$4.00. 5Jx9;x + 415; 1933. 
Wh$fl.Mr. Hoover’s Research Committee 


on Social Trends was preparing its report, 
it was found that the results obtained in a 
number of the investigations required more 
extended treatment than could be given 
in the report itself. In addition, there¬ 
fore, to the summaries of these subjects 
in the report separate monographs are 
ublished giving the detailed evidence and 
iscussion. In this monograph the authors 
deal with the growth and aistribution of 
population in the United States, the na¬ 
tional origins of the white population, age 
and sex composition, marital condition, 
birth and death rates, population growth 
from immigration and natural increase, 
probable trends and consequences of future 
growth, and population policy. Since 
1910 the growth of most agricultural 
states has been slow as compared with 
earlier decades. In metropolitan districts 
the growth of the suburbs has been much 
more rapid from 1910 to 1930 than that 
of the central cities. The forces affecting 
the growth of particular localities and the 
robable effects of national planning are 
iscussed. 

In administering the quota provisions of 
the immigration laws it was necessary 
to estimate the national origins of the 
white population in 19x0. According to 
the estimates of the committee 41.4 per 
cent was of British and North Irish origin, 
16.3 per cent German, 11.2. per cent South 
Irish, 4.3 per cent Scandinavian, 5.8 per 
cent from other countries of northwestern 
Europe, and 4.3 percent Canadian. Thus 
about 83 per cent of the white popu¬ 
lation had its origin in northwest Europe 
or Canada. The high birth rates of the 
newer immigrants rapidly decline, while 
the rural population, which is of pre¬ 
dominantly northwestern European origin, 
has a higher birth rate than the urban. It 
is therefore probable that the composition 
of the population will not change materi¬ 
ally. However, the authors see no eugenic 
basis for the present quotas and suggest 
that it may be desirable “to encourage a 
moderate number of superior persons hav¬ 
ing the background of other cultures to 
migrate hither, to the end that our social 
order may keep itself fluid and adaptable.” 

On the basis of extrapolated trends in 
birth rates, death rates and immigration, 
the authors derive various estimates of the 
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future growth of the population of the 
United States. According to the highest 
of these the population will exceed ioo,- 
000,000 in 1980 with no indication of 
growth ceasing for several decades there¬ 
after; according to the lowest it will in¬ 
crease to about 136,000,000 in 1955 and 
then decrease to about 116,000,000 in 1980; 
according to the trends which the authors 
consider most probable the population in 
1980 will be almost at its maximum size 
with about 155,000,000 persons. 

The final chapter deals with the change 
from the former encouragement of immi¬ 
gration and fecundity to the present 
restriction of immigration and largely unin¬ 
tentional but nevertheless effective handi¬ 
caps on the production of large families. 
If an increase of the birth rate is felt to be 
desirable, the authors suggest mothers* 
wages as a means of encouraging it. As to 
the program of the eugenists, they point 
out some of the difficulties of agreement as 
to who are “desirable** and “undesirable.** 
Besides the numerous tables in the text 
there is a tabular appendix of 70 pages and 
an index. 



American Wines and How to Make Them. 
By Philip M. Wagner. Alfred A. Knopf , 
New York. $1.00. 5} x 7J; xix + 

*•95; I 933 • 

Mr. Wagner started out to be a crusader, 
aiming to lead his people out of arid 
America into a promised land flowing with 
good wine grown if not in the back-yard 
at least on the nearby farms of the land 
of the free. But fate, this time in the 
rsons of an oddly assorted pair, Capt. 
. H. Stay ton and Franklin D. Roosevelt, 
played this gallant young knight a dirty 
trick. Repeal beat him to it, as the 
phrase goes. Wine flows in this so lately 
ary land, right enough. But even now only 
an infinitesimal fraction of it is home-made 
wine, and in six months still less of it will 
be. In short, we greatly fear that noble 
as was Mr. Wagner 5 intent the fact is that 
no sensible man who has anything else to 
do is going to make wine at home when he 
can buy a good product at a moderate to 
low price. The reason is simple, and is 
really better and more clearly stated in this 


excellent book than anywhere else we can 
recall. It is that to make a really good 
wine requires a lot of care, thought, intelli¬ 
gence, labor, and trouble. To make a dis¬ 
tinguished wine requires in addition God’s 
active cooperation, and experience shows 
that this cooperation, in the matter of wine 
making as well as others that might be 
mentioned, is distributed with a certain 
discrimination. To be sure our author 
urges that it is not much trouble to make 
good wine at home. But what constitutes 
“much trouble** is plainly a relative 
matter. If you can only buy good wine 
surreptitiously, uncertainly, and at rela¬ 
tively great cost, then the trouble required 
to make it is worth taking. But if, on the 
other hand, you can buy it from the chain 
store around the corner at less than a dol¬ 
lar a bottle the case becomes distinctly 
otherwise. 

It pains us uncommonly to take so 
realistic an attitude, because Mr. Wagner 
has put an enormous amount of research 
into the writing of this book, and alto¬ 
gether has done a fine piece of work. It is 
just too bad that it will not have the in¬ 
fluence that it would have had if Bishop 
Cannon had continued to rule the land. 



The Peninsula of Yucatan: Medical , Bio¬ 
logical , Meteorological and Sociological Studies. 
Carnegie Institution of Washington Publica¬ 
tion No. 4)1. 

By George C. Shattuck. In collaboration 
with the following authors: Joseph C. Be- 
quaert y Francis G. Benedicty William J. 
Clench , Frank H. Connelly Kenneth Goodner, 
Margaret M. Hilferty 9 Helen C. Maher , 
Katheryn McKay , John L. Page, Robert 
Red field, Oliver Rickets on, Jr ., Jack H. 
Sandground, George M. Saunders. Carnegie 
Institution of Washington . $8.00 (paper); 
$9.00 (cloth). 9 x n; xvii + 576 + 68 
plates+i folding maps; 1933. 

Thirteen collaborators assisted the author 
in producing this interesting and useful 
volume. The three expeditions, or¬ 
ganized by the Department of Tropical 
Medicine of Harvard University under the 
auspices of the Carnegie Institution of 
Washington, were made in 1919, 1930 and 
1931. The first part of the volume (chap- 
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ters I-V inclusive) deals with general and 
miscellaneous information about Yucatan. 
This part will be most useful to those wish¬ 
ing to visit Yucatan either for purposes of 
investigation or for travel. In part II 
(chapters VI-XXI inclusive) will be found 
reports of medical surveys and other data. 
Much detailed information is given also 
concerning local living conditions in Gua¬ 
temala and British Honduras and among 
the Mayas of Chiapas. There are sections 
on bacteriological and serological studies; 
certain helminthic and protozoan para¬ 
sites of man and animals; tests on basal 
metabolism, Kahn tests and blood counts; 
syphilis and other diseases; vital statistics 
and meteorological studies. In the conclud¬ 
ing chapter of part II is given a general 
survey of the more important facts brought 
out by the data presented, a discussion of 
the opportunity for further studies of dis¬ 
ease and the necessity for prolonged and 
coordinated investigations of the problems 
involved in the adjustment of various races 
to tropical climates. Part III (chapters 
XXII-XXVI inclusive) deals with the sur¬ 
veys in 1931 which were concerned chiefly 
with malaria and amoebiasis. Data are 
presented also on observations in blood- 
pressures, blood studies and other clinical 
material. 

The fourth and last part (chapters XXVII- 
XXIX inclusive) is concerned with the 
natural history of the region of Chichen 
Itza. The volume is well documented and 
is abundantly illustrated with excellent 
plates, maps and drawings. There is no 
index, an inexcusable omission in such a 
work. 



Prominent Danish Scientists Through 
the Ages . With Facsimiles from Their 
Works . 

By V . Meisen, Editor. Levin and Munks- 
gaard , Copenhagen . 9 Dan. Cr. y\ x 11; 
195; 1931 (paper). 

This is an entertaining book. Issued in 
commemoration of the 450th anniversary 
of the University Library of Copenhagen 
it gives a condensed survey of the achieve¬ 
ments of Danish men of science in those 
studies which the library is particularly 
intended to serve: namely, natural science, 


mathematics and medicine. The forty- 
five men in review (none is now living) 
were selected on the basis of their original 
discoveries or theories of far reaching sig¬ 
nificance. One of the most fascinating 
features of the book is the reproduction, 
in facsimile, in each essay, of character¬ 
istic fragments of the man’s work. Un¬ 
fortunately no portraits are given. Among 
the first of those listed are Henrik Harpe- 
straeng (d. 1144) the earliest Danish medi¬ 
cal author whose most famous writings 
were on herbs. Then comes Petrus de 
Dacia (1300) renowned for his calendar 
and astronomical tables. From the middle 
of the seventeenth century beginning with 
the two Bartholins, Thomas (d. 1680), 
anatomist, and Erasmus (d. 1698)physicist, 
Oluf Borch (d. 1690) chemist ana botanist 
and Nicolaus Steno (d. 1686), one of the 
greatest Danish naturalists, the number of 
investigators increases much more rapidly. 
Considerably later comes Otto Fabricius 
who when a young man went to Greenland 
(1768-73) as a missionary. His Fauna of 
Greenland , written in Latin, describes 473 
animals, 130 of which were new to science. 
Johann C. Fabricius, who did his pioneer¬ 
ing work in insects, was of the same period. 

Classifying these famous men by profes¬ 
sions we find 7 anatomists and physiolo¬ 
gists, 6 botanists, 11 zoologists and biolo¬ 
gists, 18 physicians, 4 geologists and pale¬ 
ontologists, 14 chemists, 4 physicists, 3 
mathematicians, and 3 astronomers. The 
volume is indexed. 



Out of My Life and Thought. An Auto¬ 
biography. 

By Albert Schweitzer. Translated by C. T. 

Campion. Henry Holt and Co ., New York. 

$1.50. 51 X 8J; 188; 1933. 

Dr. Albert Schweitzer is one of the most 
amazing and romantic figures of the mod¬ 
ern world. Born an Alsatian he became 
in turn, but without relinquishing activity 
in the old fields as he took on new ones, 
a university teacher and researcher in phi¬ 
losophy, a great organist, one of the world’s 
leading authorities on Bach and his music, 
and a medical missionary in Equatorial 
Africa. Ail of this has been packed into 
the 58 years since he was born. In an 
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earlier number of this Review (Vol. VII, 
pp. 117-8) there appeared a notice of his 
On the Edge of the Primeval Forest , a most 
interesting and stimulating account of his 
medical work in Africa. 

The present book tells as much of his 
whole life story as he is apparently willing 
to put on paper. Those readers who are 
not deeply religious, as he is, will regret 
that it is obviously his nature to speak much 
more freely and fully about his inner 
spiritual life than about his material do¬ 
ings. He is plainly a vigorous, motor, 
cyclothymic personality type, and has had 
an extraordinary range of interesting ex¬ 
periences. But he tends to be reticent 
about them, and particularly so at crucially 
interesting points. On the other hand, he 
expounds his theological, ethical and 
religious ideas at great length. However, 
in spite of this defect, if it is a defect, this 
is a notable autobiography. We recom¬ 
mend it to our readers. 



American Agricultural Villages: 1930. 
An Analysis of Census Data. American Sta¬ 
tistical Association Monograph No. 1. 

By Irving Lorge under the direction of Ed¬ 
mund deS. Brunner. American Statistical 
Assoc., New York. $1.00. 6 x 9-4; iii + 

^ !33; 1933 (P a pe0- 

This is a continuation for the Census of 
1930 of the work of Fry in A Census Analy¬ 
sis of American Agricultural Villages for the 
Census of 1910. It deals with the same 
177 villages, for each of which is given 
the population growth or decline from 
19x0 to 1930, as well as population by color, 
nativity and parentage, native whites born 
in or outside of state of residence, place of 
birth and year of immigration of foreign- 
born, age distribution by sex, marital con¬ 
dition by sex, school attendance by sex and 
age, illiteracy by sex, color and nativity, 
naturalization of foreign-born whites, 
home ownership, size of family, gainfully 
employed persons by sex and age, occupa¬ 
tions, and marital condition of gainfully 
employed females. Totals are also pre¬ 
sented for the Middle Atlantic states, the 
South, the Middle West, the Far West 
and the United States. The interpretation 


of the tables is part of a report of President 
Hoover’s Research Committee on Social 
Trends. It is, however, noted that 

In 1930 agricultural villagers represent an older 
population, a larger proportion of which is married. 
The population is more literate and attends school to 
a considerably greater degree than was the case in 
192.0. Occupationally, they find principal employ¬ 
ment in four major industry categories. Manufactur¬ 
ing, trade or merchandising, agriculture and transpor¬ 
tation, in that order. Of these, merchandising made 
the largest proportional gain. There arc fewer very 
young and very old males gainfully employed. In 
general, however, there has been a consistent increase 
in the number of gainfully employed females except 
in the early age brackets. 



To Be or Not to Be. A Study of Suicide. 

By Louis I. Dublin and Bessie Bun%el. 

Harrison Smith and Robert Haas , New York . 
$3-5°. 5* x 8$; x + 443; 1933- 
In this interesting study Dr. Dublin deals 
with suicide in its statistical, ethnological 
and psychiatric aspects. For his statistical 
treatment he draws not only from the of¬ 
ficial publications of various countries but 
also from the records of the Metropolitan 
Life Insurance Company. The differing 
tendency towards suicide in different races 
is, he concludes, the result of social rather 
than of biological heritage. There is a 
correlation of —*47 ± *05 between the 
business index and the suicide rate cor¬ 
rected for trend and seasonal variation in 
ten large American cities from 1910 to 1931. 
The lower suicide rates in Catholic coun¬ 
tries, in rural areas and among married per¬ 
sons he attributes to the greater social 
integration of these groups. 

In his ethnological section Dublin shows 
that the horror of suicide characteristic of 
the Hebrew and Christian tradition is by 
no means universal. Among some primi¬ 
tive peoples suicide is unknown, while in 
others it is quite prevalent. The religions 
of the Far East in general approve of it, 
and it is even institutionalized in the cus¬ 
toms of suttee and hara-kiri. The Greeks 
and Romans took a much more lenient 
view of suicide than do most modern moral¬ 
ists. Nor was it until the time of Augus¬ 
tine that the Christian church regarded it 
as a crime under all circumstances. 

In his psychiatric section Dublin shows 
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the value of psychoanalysis in understand¬ 
ing the motives behind suicide—emotions 
of fear, inferiority, hatred and guilt—and 
the influence of mental disease on the act. 
He also considers methods which have been 
tried for preventing suicide and the broader 
movement towards sound mental health 
for the population as a whole. There is 
an appendix of statistical data, a bibliog¬ 
raphy of 14 pages and an index. 



Employed Boys and Girls in Rochester 
and Utica, New York. United States 
Department of Labor , Children s Bureau Publi¬ 
cation No. 218. 

By Alice Channing. U. S. Government 

Printing Office , Washington. 10 cents. 

5 i * 9i; v + 74 ; *933 (paper). 

Serious students of sociology have long 
held the theory that children who arc 
cither too dumb to learn, or whose parents 
cannot afford to permit the continuance of 
their education, or who for other reasons 
arc fed up on schooling, tend to leave 
school and go to work as soon as it is 
legally possible to do so. This treatise 
proves that this theory was correct so 
far as concerned Rochester and Utica, N. Y., 
in the late spring of 1917. The proof is 
thorough, precise, documented, and de¬ 
tailed. For ourselves we shall never 
doubt the theory again, at least so far as 
concerns Rochester and Utica, although 
(vide Table 2., p. 5) there was one employed 
girl in Utica whose age was not ascertained 
at the time of the study. The report 
is packed with information of thrilling 
interest, novelty, and importance. For 
example it is shown by the data of Table 13 
(p. 45) (in more detail than we can spare 
space for here) that the median cash wage 
of 16 year old boys who had been employed 
one year or more was higher by $x per week 
than that of 16 year old boys who had 
been employed less than one year. To 
give another example, from the many pre¬ 
sented: careful analysis of the intelligence 
tests demonstrated that the higher the 
boys' LQ.s the less often were they 
out of a job. Who, we ask you, would 
ever have supposed that to be true? The 
same relationship, we are shocked to 
report, was found not to hold for the 


girls. [Reginald the Office Boy, whose 
worldly wisdom is becoming appalling, 
says that he knows why.] 

We regret that lack of space forbids any 
more extended review of this profound and 
thorough piece of research. 



A German Doctor at the Front. (Die 
Front der Ar^tef) 

By Wilhelm His . Translated from the 
Original German by Gustavus M. Blech and 
Jefferson R . Kean. National Service Pub¬ 
lishing Co., Washington. $1.50. 5! x 9; 

viii + 130; 1933. 

The discoverer of “the bundle of His" and 
the son of the renowned anatomist, also 
named Wilhelm, records here his experi¬ 
ences in the Great War during which he 
held one of the highest medical positions 
among the Germans, taking him into the 
various theaters of the war on both eastern 
and western fronts. He describes what he 
has seen simply and dispassionately, un- 
colored by any sentiment of his own. The 
Great War he regards not as the greatest 
catastrophe in the history of mankind, as 
some assert, but rather as the greatest of 
human experiences. The medical lessons 
which the war gave in the care and restora¬ 
tion of the injured, in the shelter, feeding, 
moving and care of masses under primitive 
conditions, that is, the control of epidem¬ 
ics, he thinks will last. The progress of 
medical science between 1850-19x0 is por¬ 
trayed in the table (p. xx8) giving the ratio 
of killed to died from disease: 

In the war in the Crimea 1854-56 


(English). 1.to 3.6 

In the Italian war 1859. 1.103.3 

In the Austro-Prussian war 1866 

(Prussians). 1 to 1.3 

In the ■ Franco-Prussian war 1870- 

71. 1 to 0.53 

In the World War (Germans) .... 1 to o. 1 


The book should be of interest to mili¬ 
tary medical men and physicians and sur¬ 
geons, and possibly also to the general 
reader who may enjoy the descriptions of 
the various countries and their populations, 
and frequently interspersed sidelights of 
human contacts which relieve an otherwise 
dark background. 







NEW BIOLOGICAL BOOKS 


I0 5 


The Barbary Coast. An Infomal History of 
the San Francisco Underworld . 

By Herbert Asbury. Alfred A. Knopf , Nw 

York. $3.00. 5! x 8$; 319 + xi; 1933. 

This history of low life in San Francisco 
is detailed, realistic and meticulously docu¬ 
mented. The life stories of such colorful 
ladies as the Galloping Cow, who tended 
bar in her own saloon and once broke a 
man’s back because he had ventured to 
chuck her under the chin, and Tessie Wall, 
who drank twenty-two bottles of wine 
“without once leaving the table” at her 
first dinner with the man she subsequently 
married, and still more subsequently shot, 
are told in all simplicity and candor. 
Tessie, by the way, only retired from busi¬ 
ness in the year 1918 or thereabouts. And 
this fact is of significance in the appraisal 
of the whole story which Mr. Asbury sets 
forth with such great skill and erudition. 
It is not ancient history, not something 
comparable to the doings of the Caesars 
as recorded by Suetonius, but an account 
of the goings-on in this country within 
the life time of probably a majority of the 
readers of this Review. As we have had 
occasion to remark before, man is an oddly 
curious animal. 

The book is abundantly and entertain¬ 
ingly illustrated, has a bibliography and 
an excellent index. 



An Introduction to the Sociology of 
Islam. In Two Volumes. 

By Reuben Levy. Williams and Nor gate, 
London. £1.1.0 per volume. Vol. I. 
5! x 8|; viii + 410; 1931. Vol. II: 3! 
x 8|; v + 42.6; 1933. 

Although the author covers a wide field in 
these two volumes—grades of society, 
status of women and children, jurispru¬ 
dence, Caliphate and central government 
in Islam in the first volume, and religious 
conceptions, moral sentiments, usage, cus¬ 
tom and secular law, government in the 
provinces, military organization and sci¬ 
ence in the second—he has succeeded in 
giving an extremely lucid account of a 
system of religion and government which 
not only has been of great importance in the 
history and politics of the past in the East, 


but still is at the present time. The au¬ 
thor considers the theories of the classical 
period of Islam, but also makes an attempt 
“to discover how far the people who have 
accepted Mohammedanism are content to 
be guided by them;” how they have 
adapted the laws as embodied in the Koran 
according to local custom or tribal law, 
and how religious difficulties have been 
overcome with the introduction of a Wes¬ 
tern system of popular government in Tur¬ 
key. Like most peoples the followers of 
Islam have evolved ways of “getting 
around the law.” 

Besides numerous annotations, each chap¬ 
ter is equipped with a bibliography, and 
each volume its own index. A thoroughly 
scholarly and important treatise. 



Heart Burial. 

By Charles A. Bradford. George Allen and 
Unwin , London. 8s. 6d. net. 5! x 7I; 
i 5 6; 1933. 

It is the author’s opinion that heart burial 
“was but an offshoot of the practise of 
evisceration at death which had been in 
vogue from the later Stone Age.” It ap- 

B Lrs that the desire to check bodily decay 
to the separate disposal of the viscera 
wherever the custom of embalming was in 
use, though in Egypt it was eventually 
done with special pomp and ceremony. 
In occidental Europe the first authentic 
record is that of the separate burial of the 
heart of D’Arbrissel, founder of the order 
of Fontrevault, in 1117 A.D. The author 
agrees in the opinion that it was due to 
“feminine tenderness tinged with re¬ 
ligion.” 

Since the twelfth century, in the area that 
is now the London Postal Area there have 
been recorded 108 cases of separate burial 
of the viscera at death. Of these “some 
55” are authentic cases of heart burial. 
The first mentioned is that of King Henry 
II in 1189, and the last that of Thomas 
Hardy in 1918. The cases arc listed chron¬ 
ologically and alphabetically but no at¬ 
tempt is made to give a reason why in 
these particular cases it should have been 
done. 
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Erinnerungen, Bekenntnisse und Betrach- 
tungen. 

By Gottlieb Haberlandt . Julius Springer , 

Berlin . 9.60 RM (paper); 10.80 RM 

(cloth). 5$ x 8$; vii + 143, 1933. 
Two features of this autobiography of the 
author of Eine Botanische Tropenreise and 
Physiological Plant Anatomy deserve men¬ 
tion here. One of them is the air of Gemut - 
lichkeit that pervades the book and which 
only partly comes from the anecdotes that 
turn up every few pages. Haberlandt 
writes more about his teachers and col¬ 
leagues and the universities in which they 
worked than he does about himself. Dur¬ 
ing his student days at Vienna and at Tu¬ 
bingen and during the rest of his career at 
Graz and Berlin he worked with the men 
who helped to make German universities 
the powerful influences they were, and his 
notes on the men and the period are val¬ 
uable in themselves. The other charac¬ 
teristic of the book is his effort to account 
for the influences of family life and educa¬ 
tion that turned him toward a scientific 
career and to outline the train of thought 
that led him from one scientific problem 
to another. Haberlandt is an interesting 
man and his own interests and accomplish¬ 
ments are not confined to academic subjects. 



Applied Eugenics. 

By Paul Popenoe and Roswell H. Johnson . 

The Macmillan Co., New York. $2..60. 

5* x 7f; ix + 4x9; 1933. 

The authors here present a revised and aug¬ 
mented edition of this standard work on 
eugenics which was first published in 1918. 
Its principal object is to propagate the 
tenets of orthodox eugenics and the au¬ 
thors employ their wide knowledge of 
biology and sociology in the attempt to 
give a scientific basis to these doctrines. 

The mechanism of inheritance and the 
importance of the hereditary factors are 
well summarized in the light of modern 
genetics. They emphasize the burden 
placed on society by the inferior individ¬ 
uals and so demonstrate the need to elimi¬ 
nate these and increase the number of those 
of superior caliber.. The measures pro- 
osed in order to achieve this are well 
nown: segregation and sterilization of 


the feeble-minded, more stringent marriage 
laws, inducement, financial or otherwise, 
to superior individuals that they marry 
earlier and reproduce more, etc. All this, 
they foresee, will ameliorate the society 
of the future because, “the best then will 
be better than the best now and the worst 
then be better than the worst now.” 

The philosophy underlying this work 
may or may not be acceptable to the reader, 
but notwithstanding, this book remains 
valuable as a source of literature for the 
student in the field of human biology. 



The Public Domain of Nevada and Fac¬ 
tors Affecting Its Use. U . S . Department 
of Agriculture Technical Bulletin No. 301. 

By E.O. Wooton. U. S. Government Print - 
ing Office , Washington. 75 cents. 5! x 
9J; 52. + 2. folding maps; 1933 (paper). 
The necessity of some legislative action to 
regulate the use or disposal of the public 
domain has been and is continually urged. 
In those states where these lands are ex¬ 
tensive it becomes a complex economic 
problem. Especially is it so in Nevada 
where they constitute about 95 per cent 
of the area of the state and the whole agri¬ 
cultural organization is here dependent 
upon their use, present and future. 

This problem the author investigates 
with regard to the type of legislation that 
would be introduced with greatest benefit 
to all. He finds that the physical peculi¬ 
arities of the different regions of Nevada 
added to the desire of the established 
stockmen to maintain the status quo , or 
at least lose nothing by a change, com¬ 
plicate the question in this state more 
than elsewhere. With all those who have 
written on the subject he advocates that 
something be done about it, but, con¬ 
fronted by the above difficulties, proposes 
that a more intensive study be undertaken 
before an attempt is made to enact laws. 



Mexico before Cortez. An Account of the 
Daily Life , Religion , and Ritual of the Aztecs 
and Kindred Peoples . 

By J. Eric Thompson . Charles Scribner s 
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Sons , New York. $1.50. 5$ x 8; x + 198; 

I 933- 

The lavman who reads this book will be 
amazea at the extent of information con¬ 
cerning the racial cultures of early Mexico 
which diligent research has uncovered. 
The author, in charge of Central and South 
American archaeology at the Field Museum 
of Chicago, has written an authoritative 
and highly readable account of the daily 
life, religion and ritual of the people who 
inhabited the Valley of Mexico and ad¬ 
jacent regions before the time of Cortez. 
The volume is to a certain extent comple¬ 
mentary toT. A. Joyce’s Mexican Archeology. 
Training of children was very strict. Sep¬ 
arate colleges existed for educating the 
sons of the middle classes and of the no¬ 
bility but both types of school were at¬ 
tached to religious temples so that the 
training could be closely supervised by 
the priests. The habit of lying had little 
hole! on these peoples, not because they 
were inherently honest, but because of the 
severity of the punishment meted out to 
the offender, particularly to the young. 
The account is an amazing record of a 
people, primitive yet civilized, intensely 
superstitious, highly skilled in artistry 
and possessing a remarkable code of ethics. 
The volume is interestingly illustrated 
and is indexed. 



The Population of Athens in the Fifth 
and Fourth Centuries B.C. 

By A. W. Gomme . Basil Blackwell , Oxford. 

5 shillings net. 5$ x 8§; vii + 87 + 

folding map; 1933. 

On the basis of statements of army strength 
in Thucydides and other historians, of 
numbers of recruits in inscriptions, of defi¬ 
nite but not always trustworthy state¬ 
ments about the total adult male popula¬ 
tion, and, as a check, of the production and 
importation of grain, the author makes a 
rough estimate of 315,500 for the total popu¬ 
lation of Attica in 431 B.C., which was 
reduced by the plague to 2.18,000 in 415 and 
again rose to 158,000 by 313. Between 
480 and 431 there had apparently been a 
considerable natural increase in the popu¬ 
lation. The number of slaves, he con¬ 
cludes, was at no time larger than 100,000 


to 110,000. He also finds no reason to 
suppose that the exposure of children was a 
regular practice. The evidence for this, 
he points out, is mostly drawn from the 
romantic plots of tragedies and comedies 
and “the motive is never economic, but a 
warning oracle from on high, or because 
the child is illegitimate—a reason which 
has caused infanticide or exposure in all 
times and countries.” 



Great Men of Science. A History of Sci¬ 
entific Progress. 

By Philipp Lenard. Translated from the 
Second German Edition by H. Stafford Hat¬ 
field. The Macmillan Co. y New York. 
$3.00. 5f x 84; xx + 389; 1933. 

This is a useful book to have available, par¬ 
ticularly for graduate students in the sci¬ 
ences, and also, to speak euphemistically, 
to enable their professors to “refresh their 
memories” about the lives and doings of 
their intellectual forbears. It is composed 
of brief, but adequate, accounts of the 
lives, principal achievements, and signifi¬ 
cance of over 60 of the great figures in the 
history of science, beginning with Pytha¬ 
goras of Samos and ending with Friedrich 
Hasenohrl. The author is a Nobel laureate 
in physics, and it is therefore natural that 
the men treated are preponderantly from 
the physical and mathematical sides. In¬ 
deed Charles Darwin and Linnaeus are the 
only primarily biological persons who get 
a separate (shared) chapter. In this 
chapter, however, is included some account 
of another biologist called, oddly to our 
eyes, Johann Mendel. 

The treatment throughout is highly 
intelligent, readable and critical. The 
book is an important addition to the read¬ 
ing literature of scientific history. It has 
name and subject indices. 



Die Behaarung des Menschen. Eine 
sexual - und konstitutions-wissenschaftliche 
Ah handlung. Monographien %ur Frauenkunde 
und Konst itut ionsforschung Nr. 17. 

By Oskar F. Scheuer. Curt Kabittsch , 
Leipzig. 6 marks. 6fx9|;ii+ 93^933 
(paper). 
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Within 87 pages, the author covers the 
subject of human hair. He goes all the 
way from the scent of hair to the bearded 
ladies of the side-shows. Man's relation 
to other mammals in respect to hair, 
racial differences in hair, baldness, physi¬ 
ological functions of hair, head hair, pubic 
hair, axillary hair, beards in male and fe¬ 
male, extent and distribution of hair in the 
two sexes,—all these and many more as¬ 
pects are discussed. Nearly a pages are 
devoted to Darwin's theory or the sexual 
selection of hair and the various opinions 
advanced since to replace it. 

The paper is a collection of the opinions 
and observations of a good many different 
investigators and writers. There arc 17 
illustrations, many of them—such as the 

{ >icturc of Zenora Pastrana, the bearded 
ady—being the same ones that usually 
appear in treatises on hair. The bibliogra¬ 
phy includes 175 titles, nearly all of which 
are German. 



The Land of Feast and Famine. 

By Helge Ingstad. Translated from the 

Norwegian for the first time by Eugene Gay- 

Tiff t. Alfred A. Knopf , New York. $3.50. 

5 *x 8 f; [«] + W>*m- 
An interesting account of life in the Barren 
Lands of Canada by a Norwegian attorney, 
who tired of the placid life of the law and 
became a hunter and trapper. It contains 
a wealth of shrewd observations on the 
Indians of the far North, and on the habits 
of the game and furbearing animals. And 
the story has plenty of thrills. The author 
lived off the country and had no resources 
other than his own to fall back on. About 
the only thing in the whole book (which 
contains some tall tales) that at first 
stirred a certain low scepticism within us 
was the alleged scorn with which he suc¬ 
cessfully rebuffed the amorous advances of 
the ladies of those sparsely settled parts. 
But in the end we concluded that this was 
probably all right; the ladies in question 
appear to have wen long on dirt and short 
on pulchritude. The book contains some 
excellent photographs, taken by the author. 
There is no index. 


Life of Christian Samuel Hahnemann. 
Founder of Homoeopathy . 

By Rosa W, Hobhouse. C. W. Daniel Co. 9 

London . 7s. 6 d. net. 5^ x 8; 188; 1933* 
Although exhaustive treatises on the life 
and work of Hahnemann are well known 
to the professional medical historian and 
brief biographical sketches of this great 
pioneer are readily accessible in the shorter 
medical histories, no easily available short 
survey of Hahnemann's life and contribu¬ 
tions to medicine has been provided for 
the casually interested student of medical 
history. Mrs. Hobhouse, with a fine in¬ 
sight into the kind of biography that would 
supply this need, has presented in this inex¬ 
pensive little book an interesting and well 
written account of the life of this extraordi¬ 
nary doctor. A short list of Hahnemann's 
most important writings, a list of books 
about Hahnemann, and an adequate index 
are included. 



Races and Ethnic Groups in American 
Life. 

By T. J. Woof ter, Jr. McGraw-Hill Book 

Co ., New York. $1.50. 5$ x 9; xii + 

M 7 ; 1 933 * . „ 

This is one of a series of monographs pub¬ 
lished under the direction of President 
Hoover’s Research Committee on Social 
Trends. The author's object is to describe 
briefly the changes that have occurred in 
the racial composition of the United States 
and the social problems that have arisen 
as a consequence. 

The various topics are, after a brief sur¬ 
vey of immigration: the racial differences in 
movement and distribution, urban occupa¬ 
tion, education, crime and assimilation. 
It is demonstrated that racial assimilation 
by intermarriage is exceedingly slow and 
with regard to the Negro legally impossi¬ 
ble; so the author concludes that we must 
strive at least for cultural assimilation to 
eliminate interracial difficulties. This can 
be achieved only by real cooperation and 
mutual understanding between the mem¬ 
bers of the different ethnic groups. 

It is evident that this book is not in¬ 
tended to be an original contribution but 
rather an outline of the findings of the 
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more recent investigators in the field. 
The author's extensive knowledge of the 
Negro leads him to devote most of this 
volume to the problems of this race, undue 
importance without doubt. An apparent 
oversight is the gross error on page 151 
where cancer of the heart is mentioned. 
Probably cancer of the breast was intended. 



Health and Environment. 

By Edgar Sydenstricker. McGraw-Hill 

Book Co., New York . $1.50. 5I x 9; xii 

+117; 1933. 

This is perhaps the outstanding monograph 
in the series of studies on Social Trends 
prepared for Mr. Hoover. Mr. Syden- 
strickcr has not only put his material in 
such shape that it is readily comprehended 
by the general reader, but he has also done 
one of the most sagacious, scholarly, and 
thorough pieces of work in general bio¬ 
statistics of this century. The special 
worker in this field will find it very valuable 
as a reference book. The author states in 
the preface that 

the factual material on the relation of environment to 
health is lopsided. On some phases great masses of 
data are available; on others the data either are 
wholly lacking or arc pitifully few. Most of the 
material is indirect in its bearing upon the subject, 
is not sufficiently specific, and is discouragingly in¬ 
conclusive. Yet a general view of it is worth 
while, and that is all this monograph pretends to 
offer. 

The investigation has been limited to a 
review of the “more important evidence 
bearing upon environment and health, 
without, however, losing sight of the 
established laws of heredity." The data 
upon which the study is based are arranged 
in 54 tables. Numerous figures also exhibit 
the graphical arrangement of the data. 
The boolk is thoroughly documented and 
indexed. 



Le Travail Humain. Revue Trimestrielle. 
i ra Annie — No. 1. 

Conservatoire National des Arts et Mitiers, 
292 Rue Saint-Martin, Barts. Subscrip¬ 
tion price: 100 francs (France and Colo¬ 
nics); 130 francs (foreign). 
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This new journal, edited by MM. J. -M. 
Lahy ( Directeur d'itudes h I'Ecole des Hautes 
Etudes et h VInstitut de Psychologic de VUni- 
versiti de Paris ) and H. Laugicr XjProfesseur it 
la Sorbonne et au Conservatoire National des 
Arts et Mitiers, Paris ) expresses well its ob¬ 
jectives in its potential sub-title, "Knowl¬ 
edge of man from the point of view of the 
judicious utilisation of his activities." 
It will be useful for all students of human 
biology, and thoughtful industrialists and 
other employers of labor as well. The 
position and repute of its editors will en¬ 
sure the maintenance of high scientific 
standards. We wish this new venture all 
success and take great pleasure in recom¬ 
mending it to our readers. 



A Bibliography of Differential Fertil¬ 
ity. In English, French and German. 

Edited by Eldon Moore on behalf of Com¬ 
mission II of the International Union for the 
Scientific Investigation of Population Prob¬ 
lems. International Union for the Scientific 
Investigation of Population Problems, Ken¬ 
sington Gore, London, S.W. 7. 2. shillings. 

9 ? X 6; vi + 97; 1933. 

This bibliography is a useful and welcome 
fruit of the work of the Commission on 
Differential Fertility, Fecundity, and Ster¬ 
ility of the International Union for the 
Scientific Investigation of Population Prob¬ 
lems. It includes over 1,100 references— 
about 2.00 each in French and German and 
over 700 in English—arranged in chrono¬ 
logical order. The English references 
range from Mai thus’ Essay on the Principle 
of Population in 1798 to 1931, the French— 
largely works published in Belgium—from 
1838 to 1919, and the German from 1919 
to 1930. Regular official publications arc 
given in an appendix. The usefulness of 
the bibliography is enhanced by an index 
of authors. 



The World since 1914. 

By Walter C. Langs am. The Macmillan 
Co., New York. $4.00. 5^ x 8^; xv + 

713; 1933- 

The World since 1914. Second Edition 
with Supplementary Chapter . 
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By Walter C. Langs am. The Macmillan 
Co. 9 New York . $4.00. 5! x 8$; xv + 

74 1 ; I 933 • 

If you have forgotten or never knew the in¬ 
tricate pattern of events that led up to the 
World War, read this book. When you 
have read it, you will be less addicted to 
talking glibly about 4 ‘war guilt** than per¬ 
haps you were before. Besides the excel¬ 
lent account of the origins and course of the 
war and of the “Peace to end peace* * the 
book gives concise and complete political 
and economic histories of the various na¬ 
tions in the post-war period. It also con¬ 
tains a number of maps and illustrations, a 
voluminous bibliography of 33 pages and an 
index. 



The Builders of Stonehenge. Evergreen 
Essays No. 10. 

By Rendel Harris. W. Heffer and Sons , 

Cambridge , England. 3s. net. x 8|; 

735 I 93 i (paper). 

The author derives many English place 
names, especially near Stonehenge, from 
Egyptian originals and identifies various 
Cornish saints with Osiris masquerading 
in Christian vestments. On this basis 
he concludes that the Egyptians built 
Stonehenge for the joint worship of Ra and 
Osiris. It is true that both Stonehenge 
and the Egyptian temples are megalithic; 
yet if there had been such extensive Egyp¬ 
tian colonization in Britain as Mr. Harris 
postulates, sculptures or other artefacts 
of unmistakably Egyptian origin would 
surely have been discovered. 



Flynn of the Inland. Eighth Edition. 

By Ion L. Idriess. Angus and Robertson , 
Sydney. 6 shillings. 4! x 7J; xiv + 
306; 1933. 

In both style and context this book is about 
like every other account of the work of 
medical missionaries with this exception: 
there is less emphasis than usual on the 
beneficence of God and a great deal more 
on the wisdom of man in designing auto¬ 
mobiles, airplanes, and radio sets. The 
scene is the interior of Australia, an almost 
barren country sparsely settled by white 


men, and the theme is the persistent effort 
of John Flynn to better the means of trans¬ 
portation and communication for himself 
and his co-workers. There is little of 
special interest to biologists or anthropolo¬ 
gists. 



Rassenkunde und Rassengeschichte der 
Menschheit. Fiinfte Lieferung (Bogen 57- 
46). Seeks te Lieferung (Bogen 47-59 u. Tit el- 
bo gen). 

By Egon F. von Eickstedt. Ferdinand Enke , 
Stuttgart. Lief. 5, 11 marks; Lief. 6, 13 * 
marks. y\ x iof; Lief. 5, 160; Lief. 6, 
viii + 100 + folding map, 1933 (paper). 
Previous numbers of this series have oeen 
noticed in the last two numbers of this 
Review. By concluding the study of the 
negro populations of Africa, begun in Lie¬ 
ferung 4, and treating the races native to 
Oceania and the two Americas, the present 
numbers complete a series of excellent stud¬ 
ies on the biology and history of the 
races of man. Number 6 provides author 
and subject indices for the whole series. 
A noteworthy addition to the anthropolo¬ 
gist’s library. 



The Old Stone Age. A Study of Palaeo¬ 
lithic Times. 

By M. C. Burkitt. The Macmillan Co. 9 

New York. $x.5o. 5J x 7 \\ xiv + 154; 

mi- 

An excellent introduction to the study of 
prehistory written especially for the stu¬ 
dent whose training has been along non- 
scientific lines. Special attention is given 
to the bases of the subject. The general 
reader will also find much to interest him, 
expecially those chapters dealing with 
prehistoric art and the motives underlying 
the art. The book is adequately illus¬ 
trated and documented ana contains a 
detailed index. 



Menschlichb Auslese und Rassenhygibnb 
(Eugenik). Vierte Auflage. 

By Fritz. Len%. J . F. Lehmanns Verlag 9 
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Munchen . 15.30 marks (Cloth); 13.50 
marks (Paper). 6 x 8|; vii + 593; 1931. 
This is a reprint of the third revised and 
enlarged edition, published in 1931, of a 
well-known general treatise on eugenics. 
The book is the second of a series of two, 
the first of which, Menschliche Erblich- 
keitslehre by the late Dr. Erwin Baur, Eugen 
Fischer and the author of the present vol¬ 
ume, has been translated into English. 



ZOOLOGY 

Fishes: Their Journeys and Migrations. 

By Louis Roule. Translated from the French 
by Conrad Elphinstone. W. W. Norton and 
Co ., New York. $3.75. 5! x 9J; xii + 

X7o; 1933. 

An absorbing book, particularly for the 
general reader. At certain periods of the 
year all fishes, not only the migratory but 
the so-called sedentary fishes, change their 
abode. The journeys of the sedentary are 
within a restricted area. The migratory 
fishes often go great distances. In each 
case there is a definite cause—a require¬ 
ment for warmer water or richer vegetation 
or water rich in dissolved oxygen, etc. In 
the case of the salmon, to which the author 
devotes several chapters, the comings and 
goings take place with great regularity. 
The young salmon, which remain until their 
second year in the water in which their 
early development takes place, go down 
the river by easy stages until the sea is 
reached, where they bury themselves in its 
depths. This urge to seek deeper water is 
held to be due to the fact that their pigment, 
which formerly was abundant ana pro¬ 
tected them against the strong sunlight 
which floods the river waters in the Spring¬ 
time, has become diffuse. Their vitality 
is disturbed and they seek those regions 
better suited to healthy living. At the 
same time, the mature salmon, its body 
gorged with developing eggs or sperm, re¬ 
quires more vigorous respiration, hence 
the great migration up swiftly flowing 
streams to those waters containing the 
greatest amount of dissolved oxygen. Many 
other types of fish arc discussed. In each 
case the author finds a definite requirement 
in the animal itself for a particular environ¬ 


ment which causes it to migrate. The 
book is entertainly written. It contains 
many illustrations but unfortunately no 
index. 



Correlation of the Distribution of the 
Protozoa in the Intestine of Rattus 
Norvegicus with the Hydrogen Ion Con¬ 
centration of the Intestinal Contents 
and Wall. University of California Publi¬ 
cations in Zoology , Vol. $p, No. 8. 

By C. A. Kofoid, E. McNeil and A. Bone- 
ste ll. Uni vers tty of California Press , Berke¬ 
ley. 15 cents. 64 x ioi; ix; 1933 (pa- 
per). 

The authors report the following findings: 

Trichomonas was found in the caecum of all rats 
examined. It was also present in the ileum in 40 per 
cent and in the colon in 80 per cent. There is a correla¬ 
tion between the decrease in numbers of Trichomonas 
in the upper ileum and the decrease in pH value of 
that region. 

Hcxamitus muris was present in the duodenum in 17 
per cent, the jejunum in 7 per cent, the ileum in 57 
per cent, and the caecum in 3 per cent of the rats 
examined. They are present at a pH range of 5.98— 

8.17. 

Chilomastix bcttencourti was present in the caeca of 
60 per cent of the rats examined, at an average pH of 
6 - 77 - 

Giardia was present in 60 per cent of all rats ex¬ 
amined. It is always found in close proximity to the 
wall. Giardiasis is primarily an infection of the 
jejunum, occurring in greatest abundance at a pH range 
of 6.43-6.51. 

Motile amoebae were present in 70 per cent of the 
rats examined, at an average pH of 6.7. 



Textbook of General Zoology. Second 
Edition , Rewritten and Reset. 

By Winterton C. Curtis , Mary J. Guthrie , 
with the collaboration of Katharine R. Jeffers. 
John Wiley and Sons , New York. $3.75 net. 
6 x 9; xv + 588; 1933. 

Laboratory Directions in General Zoo¬ 
logy. Second Edition , Revised. 

By Winterton C. Curtis, Mary J. Guthrie and 
Farris H. Woods. John Wiley and Sons , 
New York. $1.50 net. 5I x 9; xxxii + 

164; 1933- 

Although some thirty pages shorter, there 
is much new material added to that of the 
first edition of this excellent elementary 
text. There has been such reorganization 
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of the subject matter that this second edi¬ 
tion is really a new book, retaining, how¬ 
ever, the good features of the earlier one. 
A glossary has been added and the index 
seems very complete. 

The rearrangement of the text has neces¬ 
sitated a new edition of the Laboratory 
Directions which is designed to accompany 
it. Here the revisions arc less extensive, 
consisting largely in changes in order. 

The first edition of the text was noticed 
in Volume 3 of this Review, the first edition 
of the Laboratory Directions, in Volume 1. 



Animal Biology. First Edition. 

By Robert H. Wolcott. McGraw-Hill Book 
Co., New York. $3.50. 5! x 9; xvii + 

615; 1933. 

This book is offered as another addition to 
the ever-increasing number of elementary 
zoological textbooks. The author has 
tried to minimize technicalities as much as 
possible and emphasizes that the volume is 
not a reference book. The question of ani¬ 
mal structure is, on the whole, left to 
laboratory procedure. The book is divided 
into five general divisions as follows: Part 
I, Fundamental Principles; Part II, Proto¬ 
zoa; Part III, Metazoa in General; Part IV, 
Metazoan Phyla, and Part V, General Con¬ 
siderations. The author has commcnda- 
bly stressed dynamics and the book seems 
readable and authoritative. The value of 
this text is enhanced by the number of il¬ 
lustrations, many of which arc original or 
have been redrawn. 



History and Present Status of the Breed¬ 
ing Colonies of the White Pelican (Pele- 

CANUS ERYTHRORHYNCHOS) IN THE UNITED 

States. Contribution of Wild Life Division 
Occasional Paper No. 1. 

By Ben H. Thompson. U . S. Department 
of the Interior , National Park Service , Berke¬ 
ley. 6 x 9i; vi + 85; no date (paper). 
The breeding colonics of the white pelican 
arc now only four. Once they extended 
overall thewestern half of North America. 
Lakes are the natural breeding grounds of 
this bird and their drainage for agricultural 


purposes is considered the principal cause 
of tnc reduction in numbers and density. 
The author docs not consider the white 
pelican in immediate danger of being ex¬ 
terminated but feels that this will eventu¬ 
ally be its fate unless means are taken to 
provide reservations where it can maintain 
and reproduce itself. 



Contributions to the Biology of the 
Philippine Archipelago and Adjacent 
Regions. United States National Museum 
Bulletin 100 , Volume li. The Fishes of the 
Families Banjosidae , Lethrinidae , Sparidae , 
Girellidae , Kyphosidae , Oplegnathidae , Ger- 
ridae , Mullidae , Emmelichthyidae , Sciaenidae , 
Sillaginidae , Arripidae , and Enoplosidae 
Collected by the United States Bureau of Fisher¬ 
ies Steamer “ Albatross ,” Chiefly in Philip¬ 
pine Seas and Adjacent Waters. 

By Henry W. Fowler. U . S. Government 
Printing Office , Washington. 50 cents. 6 
X 9*-; VI + 465; 1933 (paper). 

This bulletin contains the fifth part of 
Fowler’s studies of the fishes of the Alba¬ 
tross collections. It includes the main 
rcoid series and embraces a great num- 
r of food or market fishes collected chiefly 
in the Philippine seas and adjacent waters. 
In the text are 31 black and white drawings. 
The work is extensively documented and 
there is a detailed index. 



Uber das Verhalten von Stechmucken 

BESONDERS VON ANOPHELES MACULIPENNIS 

bei verschiedenen Temperaturen und 
Luftfeuchtigkeiten. 

By E. Martini and E. Teubner. Johann 
Ambrosius Barth , Leipzig. 6 marks. 

X 9}; 80; 1933 (paper). 

This is the report of a comparative study 
of the influence of temperature and relative 
humidity on the behavior of several species 
of mosquitos under laboratory ana field 
conditions. Differences in duration of life 
and in preference for combinations of tem¬ 
perature and humidity were found to exist 
in the species studied but these were not 
the most important controlling conditions 
in the open. 
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HaNDBUCH DER BIOLOGISCHEN ArBEITS- 
methoden, Lieferung 416. Methoden der 
Tierhaltung und iier%uchtung. Haltung und 
Zuchtung von Vorratssch&dlingen. 

By Friedrich Zacher . Urban und SchwarXr 

enberg, Berlin. ix marks. 7 x 10; 104; 

1933 (paper). 

This number of the Abderhalden Handbuch 
gives biological and ecological information 
concerning those insects, including moths, 
injurious to food and clothing, which may 
be used easily and cheaply for experimental 
purposes, together with directions for 
their cultivation in the laboratory. Nu¬ 
merous illustrations of the arthropods de¬ 
scribed and equipment for their culture, 
enhance the usefulness of the book. 



A Check List of North American Am¬ 
phibians and Reptiles. Third Edition. 

By Leonhard Stejneger and Thomas Barbour. 

Harvard University Press , Cambridge . $4.00. 

6 x 9i; xiv + 185; 1933. 

The second edition of this useful handbook 
appeared in 192.J and is now out of print. 
This third edition has been brought 
thoroughly up-to-date by the addition of 
much new material acquired in the last dec¬ 
ade concerning the amphibians and rep¬ 
tiles of North America. As in previous 
editions the higher groups and genera are 
listed in systematic sequence and the 
species in alphabetical order. 



Ciliates from Bos Indicus Linn. III. 
Epidinium Crawley, Epiplastron gen. nov., and 
Ophryoscolex Stein. University of California 
Publications in Zoology, Vol. 39, No. 1. 

By C. A. Kofoid and R. F. MacLennan. 
University of California Press, Berkeley. 45 
• cents. 6f x 10J; 34; 1933 (paper). 
Regulatory Development in Triturus 
torosus (Rathke), by Richard M. Eakin. 
A Rotary Disc for the Observation of 
Objects in Profile, by J. Frank Daniel and 
A. B. Burch . University of California Publi¬ 
cations in Zoology, Vol. 39, Nos. p and 10. 
University of California Press, Berkeley . 15 

cents. 6f x ioi; 13; 1933 (paper). 

New Species of Proboscidiblla and Dbves- 

COVINA FROM KaLOTERMES OCCIDENTIS WaL¬ 


ker, a Termite of Lower California. 
University of California Publications in Zo¬ 
ology , Vol. 39, No. 3. 

By Walter W. Lewis. University of Cali¬ 
fornia Press, Berkeley. 35 cents. 6J x 
10J; 2.0; 1933 (paper). 

A New Blind Isopod, Asellus californi- 
cus, and a Revision of the Subterranean 
Asellids. University of California Publica¬ 
tions in Zoology, Vol. 39, No. 4. 

By Milton A. Miller. University of Cali¬ 
fornia Press, Berkeley. 15 cents. 6f x 10J ; 
*3; 1933 (paper). 

Studies on the Structure and Life-His¬ 
tory OF OsTIOLUM OXYORCHIS (INGLES) 
from the California Red-lfgged Frog 
Rana aurora draytoni and Studies on 
the Structure and Life-history of Zeu- 
gorchis syntomentera Sumwalt, a Tre- 
MATODE FROM THE SNAKE ThAMNOPHIS 
ordinoides from California. University 
of Calif omia Publications in Zoology, Vol. 39, 
Nos. 6 and 7. 

By Lloyd G. Ingles. University of Califor¬ 
nia Press, Berkeley. 50 cents. 6f x ioj; 
. 44; 1933 (paper). 

A New Species of Echinoid from Tamau- 
lipas, Mexico, by Merle C. Israelsky. A 
New Gryphaeoid Oyster from the Eo¬ 
cene of California, by Leo G. Hertlein. 
Transactions of the San Diego Society of Na¬ 
tural History , Vol. VII , No. 22. 

San Diego Society of Natural History, San 
Diego. 6f x io£; 9; 1933 (paper). 
Annual Report of the Director of the 
Museum of Comparative Zoology at Har¬ 
vard College to the President of Har¬ 
vard College for 193X-1933. 

By Thomas Barbour. Museum of Compara¬ 
tive Zoology, Cambridge. 6 x 9I; 69; 1933 
(paper). 



BOTANY 


Plants Useful to Man. 

By Wilfred W. Robbins and Francis Rama- 
ley. P. Blakiston s Son and Co., Philadel¬ 
phia. $3.00. 5$ x 8|; vii + 4x8; 1933. 

This textbook is intended for students who 
want to be introduced to usable informa¬ 
tion about plants with the fewest prelimi¬ 
naries possible and it ought to be useful as 
a textbook in one-term botany courses in 
agricultural colleges. About half of the 
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material has been taken from Robbins’ Bot¬ 
any of Crop Plants . It is well illustrated 
and indexed. 



How Plants Get Their Names. 

By L. H. Bailey . The Macmillan Co ., 

New York. $1.15. 5J x 7$; vi + 109; 

m)- 

The title of this book and the reputation 
of its author are almost sufficient, by them¬ 
selves, to characterize this introduction to 
systematics intended for horticulturists 
and nature lovers in general. Bailey 
makes a story out of the nomenclatorial 
history of Solanum PseudoCapsicum and 
Capsicum frutescens in order to lead up to 
the work of the great systematists, ana the 
manner and the spirit in which they worked. 
It is a cleverly written defense of taxonomy 
as a living science and a necessary one, 
and its objective is to remove some of the 
antagonism to scientific nomenclature, and 
its occasional changes, that is all too preva¬ 
lent. The book belongs on reading lists 
in college botany courses. More than 80 
pages are devoted to lists of generic and 
specific names, with the accents marked to 
aid in pronunciation. The specific names 
arc also translated. 



Three Keys to Wild Flowering Plants 
of Connecticut , Southeastern New York , New 
Jersey and Eastern Pennsylvania. 

By Mary F. Barrett , 64 Park Ave., Bloom- 
field , N. J. 50 cents. 6x9; 46; 1933 
(paper). 

Ecological characters easily recognized by 
untrained persons have been used wherever 
possible for purposes of classification; for 
instance, plants flowering in spring or in 
autumn fall in different sections, and stem 
and leaf characters, rather than floral ones, 
arc used to divide up aquatic plants. This 
manual is meant to serve as a guide for 
beginners to the larger standard floras; 
accordingly detailed descriptions of the 
species are omitted. There is a very ex¬ 
plicit and elementary glossary supple¬ 
mented by illustrations, and a good index 
of scientific and popular names. It ought 
to be very useful for “teachers, students, 


Scout leaders and other interested persons 
who want simple aids to identification.” 



The Study of Cacti. 

By Vera Higgins . Blanford Press , London. 

7s. 6d. net. 5J x 8J; 164; 1933. 

This book has been prepared especially for 
the amateur cultivator of cacti. Mrs. 
Higgins has made a very useful book. She 
assumes that those interested wish to ac¬ 
quire considerable general information con¬ 
cerning these remarkable plants as well as 
to have a guide for their cultivation. The 
sections on nomenclature and descriptions 
of genera are well planned. The volume 
is illustrated and contains a bibliography, 
a chart of Britton and Rose’s classification, 
and an index. 



The Pneumatic System of Plants, Especi¬ 
ally Trees. Carnegie Institution of Wash¬ 
ington Publication No. 441. 

By D. T. MacDougal and Earl B. Working. 

Carnegie Institution of Washington. 75 

cents. 6f x 10; 87; 1931 (paper). 

The gases found in the wood of tree trunks 
differ little in pressure from the atmosphere 
but their oxygen and carbon dioxide con¬ 
tent is subject to very wide variation. Mac 
Dougal and Working conclude that their 
data on the movement of gases through 
wood, as well as the results of their chemi¬ 
cal analyses, indicate that there are facili¬ 
ties for gaseous streaming not yet demon¬ 
strated by anatomical studies and that there 
is no satisfactory explanation for the high 
C 0 2 tensions they find. 



An Introduction to Laboratory Tech¬ 
nique in Bacteriology. Revised Edition . 

By Max Levine. The Macmillan Co ., New 

York . $1.75. 5 x 7!; xiii + 189; 1933. 

This is the second edition of an excellent 
laboratory manual designed, in its 114 exer¬ 
cises, to give the student an introduction 
to the important bacteriological proce¬ 
dures. There is a short dichotomous key 
for the identification of some commonly 
encountered bacteria, an appendix with 
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formulas for media, stains, and reagents, 
and a glossary which supplements drawings 
of growth habits. 



Notes on the Foraminifera of the Type 
Merced at Seven Mile Beach, San Mateo 
County, California. Transactions of the 
San Diego Society of Natural History, Vol. 
VII, No. 21. 

By Roscoe E. and Katherine C. Stewart. 
San Diego Society of Natural History, San 
Diego. 6f x io£; 13; 1933 (paper). 



MORPHOLOGY 

A Correlation of the Silverline and 
Neuromotor Systems of Paramecium. 
University of California Publications in Zo¬ 
ology, Vol. 99, No. 2. 

By Everett E. Lund. University of Cali¬ 
fornia Press, Berkeley. 65 cents. 6-J x 
10J; 4z; 1933 (paper). 

This study was undertaken to harmonize 
the conflicting views concerning the fibril¬ 
lar system of Paramecium. A review of the 
literature is given and the silverline system 
as demonstrated particularly by Klein’s 
technique, and the neuromotor system as 
demonstrated by the use of iron-haematoxy- 
lin and Mallory’s stain are described in 
detail and compared. The conclusion is 
reached that 

Because the silverline system confuses parts of three 
very different structures, the pellicle, trichocysts, and 
neuromotor complex; because it docs not include more 
than a small part of the entire coordinating system; 
and because the name “silverline” is descriptive of 
the technique used to demonstrate the “system” 
rather than the structures themselves, the term “neuro- 
motor system” is preferable when referring collectively 
to the conductile elements of ciliate Protozoa. 

The study includes excellent line draw¬ 
ings and plates and a literature list. 



Lymphatics, Lymph and Tissue Fluid. 

By Cecil K. Drinker and Madeleine E. Field. 
The Williams & Wilkins Co., Baltimore. 
$3.00. 5! x 8; xv + 154; 1333. 

An excellent survey of what is known of 
the physiology ot the mammalian lym¬ 


phatic system. The authors, both experi¬ 
mentalists in this field, have drawn their 
data from anatomy, physiology, pathol¬ 
ogy and immunology, clearly defining the 
problems involved and presenting their 
own well formulated views. As a source 
book the volume will be most useful in 
experimental laboratories. Experimental 
data are arranged in tables and figures. 
There is a lengthy bibliography, an author 
index, and an excellently arranged subject 
index. 



Die Einteilung des Nervensystems nach 

SEINEN LEISTUNGEN. 

By L. R. Muller. Georg Thieme, Leipzig . 

6.80 marks. 6f x 9!; 74; 1933 (papery 
A short study of the components or the 
nervous system classified according to per¬ 
formance into (1) the Systema nervorum pro 
mundo, that is the part of the nervous sys¬ 
tem dealing with the perception of and 
reactions to the external world (the sen¬ 
sory and motor system), (l) the Systema 
nervorum myostaticum, controlling the tonus 
of the muscles and tendons, and (3) the 
Systema nervorum vitale which includes 
the sympathetic nervous system. In the 
last section an attempt is made to localize 
centers governing psychical acts. The 
author concludes with an expression of 
wonder and awe for the god who in¬ 
vented and created this complicated system. 
There are nineteen illustrations, mostly 
diagrammatic drawings. 



PHYSIOLOGY AND 
PATHOLOGY 

Studies on the Physiology of the Eye. 
Still Reaction, Sleep, Dreams, Hibernation, 
Repression, Hypnosis, Narcosis, Coma, and 
Allied Conditions . 

By J. Grandson Byrne. H. K. Lewis and 
Co., London. 40 shillings net. 6 x 9!; 
xii + 418; 1933. 

This book is a report on twenty years of 
research on the eye. The cat served as 
the chief source of material. However, 
a variety of animals, as well as man, came 
under consideration at times. The author 
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has thoroughly gone over the cat with a 
precise technique of nerve section and tissue 
traumatization augmented by use of specific 
drugs such as adrenalin and ergotoxin. 
His chief contribution lies in his record of 
acute and detailed observations on the eye 
responses in both normal and experimental 
situations. An excellent index to the 
book’s content is given in the author's 
conclusion: 

The functional relations established in the present 
studies between the projicient (distance) receptor or¬ 
gans and the mechanisms which mediate the visible, 
physical reactions (objective components) in approach, 
avoidance or standstill of the intermediate level, and 
those which mediate reactions in ‘approach,’ ‘avoid¬ 
ance’ and ‘standstill’ (still reaction) of the higher 
(psychic) level have their manifest implications from 
the standpoint of a rational psychology, since every 
reaction of the individual can be identified as a de¬ 
scendant of one or other of the three basic or pattern 
forms of reaction in actual approach, avoidance, or 
standstill of the intermediate and of the lower level; 
or as one or other of the developmental derivatives 
(specializations) of the basic reactions as mediated 
at the higher (psychic) level, viz. reactions in ‘ap¬ 
proach,’ ‘avoidance,* or ‘standstill’ (still reaction). 
It seems, therefore, that these relations furnish the 
means for a better understanding of the different fac¬ 
tors concerned in the physiology of vision. They 
also, in my opinion, furnish the means for a better 
understanding of the physiological processes that 
underlie, or arc associated with, all mental activity, 
and consequently may furnish in addition the solid 
foundation for a therapy—preventive and restorative, 
based upon psychoanalysis—which shall not be too 
mystifying or metaphysical, but scientific and prac¬ 
tical, and above all available for extensive use by the 
medical practitioner. 



The Rise of Preventive Medicine. Uni¬ 
versity of London Heath Clark Lectures , 1931. 

By Sir George Newman . Oxford University 

Press , New York . $3.00. 5^x8^; 170; 

1931. 

A pleasantly written history of medicine 
compiled from standard sources. The chief 
criticism that might be made of it is that 
it seems unnecessarily discursive and 
general, instead of being precisely aimed 
at its announced subject, preventive medi¬ 
cine. Also the author seems a bit more 
optimistic than some would be in his 
evaluation of the present effectiveness and 
power of public health measures. But 
this is perhaps to be expected, and is cer¬ 
tainly pardonable y in a man of Sir George’s 


official position. The book is well illus¬ 
trated and indexed. 



Cancer and Other Chronic Diseases in 
Massachusetts. 

By George H. Bigelow and Herbert L. Lom¬ 
bard. Houghton Mifflin Co., Boston. $4.00. 
5fx 8*; xx+ 355:1933. 

In Massachusetts cancer is now considered 
a public health problem and there have 
been established 11 state clinics and a hos¬ 
pital for the diagnosis and treatment of this 
disease. The authors here describe the 
advantages derived from these clinics and 
seek to demonstrate the necessity of es¬ 
tablishing more of them, not only for can¬ 
cer but also for other chronic diseases. 
They desire to develop a program bene¬ 
ficial for the people and still not economic¬ 
ally harmful to physicians. 

Almost half of this book is composed of 
statistical tables relative to the population 
of Massachusetts; incidence and estimated 
cost of chronic diseases, incidence of can¬ 
cer in general, and cancer of particular 
organs; with respect to age, sex, and in 
some cases, nativity of patients. The data 
iven will be found useful though they 
o not present facts much different from 
those observed elsewhere. 



Life in the Making. 

By Alan F. Guttmacber . The Viking Press , 
New York. $1.75. 5! x 8J; xii + 197; 

x 933 * 

The progress of knowledge regarding human 
reproduction is here outlined in an interest¬ 
ing manner, and simply enough to be under¬ 
stood by the layman. The theories of the 
past ana those of the present arc ably sum¬ 
marized and intermingled with well 
chosen anecdotes as well as with recorded 
scientific observations. The subject mat¬ 
ter ranges from description of the elements 
of reproduction to sexual behavior, sex 
differences and sex determination to steril¬ 
ity and fertility. One section is devoted 
especially to twins. It seems odd that 
here the author, who is by profession an 
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obstetrician, should lay such heavy stress 
upon physical resemblance as the criterion 
for distinguishing monozygotic from dyzy- 
gotic twins, and so little upon the condi¬ 
tion of the foetal membranes. 

The author's concise and accurate treat¬ 
ment of the subject should serve to give to 
the lavman a better knowledge of human 
reproauction than he now has and dispel 
from his mind age-old misconceptions. 
This end would perhaps be even better 
achieved if in all places the proven facts 
had been more clearly separated from mere 
hypotheses. 



Comparative Physiology of the Gastric 
Hunger Mechanism. 

By Thomas L, Patterson . New York Acad¬ 
emy of Sciences , New York, $1.00. 6J x 9 J; 
xi8; 1933 (paper). 

This paper was awarded the A. Cressy 
Morrison Prize in Experimental Biology 
for 19} 1 by the New York Academy of 
Medicine. In it Professor Patterson has 
reviewed critically and summarized all 
that is known of the gastric hunger mech¬ 
anism. The following headings, taken 
from the table of contents, will indicate 
the scope of the work: (1) The biological 
significance of hunger (including hunger 
in the protozoa, metazoa, plants, and 
higher animals). (2.) Comparative physi¬ 
ology of gastric motility in vertebrate 
and invertebrate animals. (3) Types of 
animals studied (this includes the Arthro- 
poda, Mollusca and Chordata). £4) The 
gastro-ncuro-muscular mechanism (includ¬ 
ing the nature of the gastric response, 
and the influence of stimulation of the 
sciatic, vagus, and splanchnic on the tonus 
and motility of the gastric mechanism). 
Taken together with its bibliography of 
some 150 references, this is a contribution 
of the first order. In concluding the author 
suggests that “a hypothetical tonus center 
may exist in the brain” and that the “dor¬ 
sal vagus nucleus may act as a tonal center 
for the hollow visceral organs (stomach, 
intestines, etc.) and be somewhat analog¬ 
ous in its action to that of the vaso-motor 
center in the maintenance of tone of blood 
vessels.’* 


Der Stoffaustausch zwischen Mutter 

UND FrUCHT DURCH DIE PLACENTA. 

By H. Schlossmann, Julius Springer , Ber¬ 
lin; J, F. Bergmann , Munich, 6.60 marks. 

6f x 10J; ii + 73; 1933 (paper). 

The author reviews the observations 
which have been made on the metabo¬ 
lic exchanges between mother and fetus 
through the placenta and evaluates criti¬ 
cally the experimental methods employed 
and the theories advanced by various 
workers. His conclusion agrees with 
that of Slemons in this country, namely 
that transmission from mother to fetus, or 
vice versa , is by simple physical processes 
alone, such as diffusion, and thatvitalistic 
elements play a small part, if any. The 
contents of the book include: morphology 
of the placenta, paths of exchange Detween 
mother and fetus, metabolism of the pla¬ 
centa itself, responses of the vessels and 
umbilical cord, experimental methods, 
transmission through the placenta of car¬ 
bohydrates, proteins, lipoids, fats, hor¬ 
mones, vitamins, salts and other substances 
normally found in the blood of mother and 
fetus, and foreign substances. This is an 
important monograph, well-written and 
concise. The bibliography covers eight 
pages. 



The History and Epidemiology of Syph¬ 
ilis. The Gehrmann Lectures , University of 
Illinois. 

By William A. Pusey, Charles C Thomas , 

Springfield , III, $2..oo. 5 J x 8f; xii + 
113; 1933- . . , 

In these lectures the distinguished author 
traces the beginning of syphilis in Europe, 
the development of our knowledge of it, 
and its epidemiology. Unlike Sudhoff, he 
does not credit the existence of the disease 
in Europe in pre-Columbian times. He 
quotes Oviedo, Las Casas and Dias de Isla, 
all of whom testify that syphilis was 
brought back to Spain from the West Indies 
by the members of Columbus' expedition 
and thence introduced into Italy. As to 
“gros mal ,*' references to which Sudhoff 
found in pre-Columbian edicts, and which 
he identified with syphilis, Pusev con¬ 
cludes that the term was used to denote, 
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not syphilis, but epilepsy. The book con¬ 
tains interesting illustrations from early 
books on syphilis, portraits of eminent 
syphilologists from Paracelsus to Ehrlich, 
and an index. 



Handbuch der biologischen Arbeits- 
methoden. Lieferung 412 . Quantitative 
Stoffwechseluntersuchungen . Containing fol¬ 
lowing articles: Bestimmung des respira¬ 
tor ischen Quotienten von uberlebenden Geweben , 
by Frank Dickens and FrantiSek Simer; Der 
Helm-Respirationsapparat in seinen verschied- 
tnen Formen , by Francis G. Benedict; Mes- 
sung des Gasstoffwechsels mit der Apparatur 
nach Simonson , by Ernst Simonson and Her¬ 
mann Hebestreit; Ein Apparat s xur Analyse 
von Gasen aus Respirationskammem fur Men- 
schen und Tiere , by Thorne M. Carpenter. 

Urban und Schwar%enberg , Berlin. 8.60 

marks. 7 x 10; 184; 1933 (paper). 
Dickens and §imcr discuss certain refine¬ 
ments of the Warburg technique useful in 
determining the respiratory quotient in 
slices of living tissue. 

Benedict contributes a long section on 
the use of the helmet used in the Nutrition 
Laboratory of the Carnegie Institution in 
the study of respiration in man. Car¬ 
penter describes the construction, calibra¬ 
tion, and use of the gas analysis apparatus 
developed in the same laboratory. 

Simonson has an apparatus for diverting 
an aliquot portion of the respired air into 
small rubber balloons, whose contents 
can be analysed later, the main stream of 
respired air passing through a gas meter 
set on the ground wherever convenient. 
He claims that the subject is much less 
encumbered by his apparatus than by the 
Douglas-Haldane one. He gives tables 
to aid in computation. 



Studies on the Nutritive Value of Milk. 
II. The Effect of Pasteurization on Some of 
the Nutritive Properties of Milk. Bulletin 

Si8. 

By W. E. Krauss, J. H. Erb , and R. G. 
Washburn. Ohio Agricultural Experiment 
Station , Wooster. 6x9; 33; 1933 (paper). 


The authors have conducted an experiment 
on 31 pairs of rats to investigate certain 
inferior nutritive qualities attributed to 
milk when pasteurized. 

They find that in rats fed milk exclusively, 
nutritional anemia develops at about the 
same rate in those given raw as in those 
given pasteurized milk. The anemia is 
apparently due to the lack of copper and 
iron in the milk itself and disappears 
equally in both groups of rats when these 
elements are added to their diet. The ash 
content of the femurs and of the entire 
bodies revealed the same percentages of 
calcium and phosphorus in the two groups. 
The authors also observe that pasteur¬ 
ization destroys about 15 per cent of vita¬ 
min B, but does not alter vitamins A, G, 
and D. 

Their results appear conclusive but do 
not agree in many points with those of 
other observers, so the controversy on the 
effect of pastuerization may be expected to 
go merrily on. 



The Human Body and Its Functions. An 
Elementary Text-book of Physiology. 

By C. H. Best and N. B. Taylor. Henry 
Holt and Co., New York. $3.00 (Student 
ed.); $3.75 (Trade ed.). 5^ x 8|; xiii + 

417; 1933- 

This introduction to human physiology is 
written in more colloquial language than 
most textbooks intended for college stu¬ 
dents, and in general it has been planned 
for students approaching the subject with 
a minimum of scientific preparation. Most 
of the topics of human physiology of current 
interest are surveyed and there is a com¬ 
mendable tendency to compare the func¬ 
tions of the lower organisms with those of 
man. There are numerous illustrations, 
most of them diagrammatic drawings, some 
of them colored, a pronouncing glossary, 
and a good index. Because of the freedom 
from technical language and the care used 
to explain the basic physics and chemistry 
of the various processes it should be useful 
to laymen who nappen to have any curiosity 
about this field. 
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Studies in the History of Ophthalmology 
in England Prior to the Year 1800. 

By R. Rut son James. The Macmillan Co ., 
New York; Cambridge University Press , 
Cambridge. $4.00 (U.S.A.); 15 shillings 
net (England). 6$ x 9I; x + 2.55; 1933. 
The author draws on his own previously 
published papers for much of the material 
in this book. The earlier practices and de¬ 
velopment of ophthalmology are presented 
in most readable form. As contrasted 
with modern ideas the practices take on 
an air of quackery. However, the prog¬ 
ress of sound knowledge is traced from 
the thirteenth century onward. The 
eighteenth century claims at least half the 
book. In spite of the record of substantial 
progress during that time, particularly in 
the treatment of cataract, the most pic¬ 
turesque reading concerns the performances 
of quacks who cleverly if not always skil¬ 
fully treated the royalty of that period. 



Food, Nutrition and Health. Third 
Edition , Rewritten. 

By E. V. McCollum and J. Ernestine Becker , 

East End Post Station , Baltimore. $1.50. 

5 X7i; v + 146; 1933. 

A third edition of a book which has been 
previously mentioned in these pages. The 
present volume has been rewritten to in¬ 
clude all the important findings of recent 
studies. Written in simple language, 
those without technical training and par¬ 
ticularly the housewife will find it most 
useful in the proper planning of meals for 
the maintenance of health in the family as 
well as an economic expenditure of money. 
Many theories and claims of faddists and 
food promoters are exploded. The work 
concludes with a section on the distribu¬ 
tion of vitamins in food stuffs. There is 
an index. 


A Textbook of Physiology for Medical 
Students and Physicians . Twelfth Edition , 
Thoroughly Revised . 

By William H . Howell . W. B. Saunders 
CoPhiladelphia . $7.00 net. 5$ x 

Sh 1132.; I 933*. 

The twelfth edition of this well-known 


”9 

textbook brings each chapter into line 
with modern research. The most exten¬ 
sive additions are on the chemistry of mus¬ 
cle contraction, the hormones, and particu¬ 
larly the vitamins. 


BIOCHEMISTRY 

Handbucii der biologischen Arbeits- 
methoden. Lieferung 41s . Fertnentfor - 
schung. Methodik des Nachweises von Abwehr- 
fermentwirkungen. 

By Emil Abderhalden. Urban und Schwar- 

Xenberg , Berlin. 3.50 marks. 7 x 10; 70; 

1933 (paper). 

This volume describes in detail the author’s 
work on what has been called the Abder¬ 
halden reaction. This was originally de¬ 
scribed as a means of diagnosing pregnancy. 
Its bases consisted in the idea that the ma¬ 
ternal organism elaborates a ferment to 
protect itself against the foreign protein 
absorbed through the chorionic villi from 
the embryo. This protective ferment by 
enzymatic action destroyed the foreign 
embryonic material. 

Although Abderhalden’s original test 
has proven of little practical value and 
in general was long ago discredited as a 
method of diagnosing pregnancy, the gen¬ 
eral principle of an organism being able to 
elaborate ferments as a protection against 
foreign proteins has found considerable 
credence. He has therefore elaborated 
the original work and extended it to other 
conditions (e.g. dementia praecox, eclamp¬ 
sia gravidorum , etc.) which presumably are 
due to invasion by foreign proteins. 


Chemical Investigations of the Tobacco 
Plant. Carnegie Institution of Washington 
Publication No. 44$. 

By Hubert B. Vickery , George W. Pucher y 
Alfred J. Wakeman and Charles S. Leaven¬ 
worth. With Technical Assistance of Laur¬ 
ence S. Nolan. Carnegie Institution of 
Washington. $1.00. 6f x 10; 77, 1933 
(paper). 

A biochemical study of mature tobacco 
leaves detached from the plant and hung 
in a curing shed was divided into two 
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parts. In one set of leaves the chemical 
changes that occur during the usual curing 
process, and which involve chemical trans¬ 
formations of the greater proportion of the 
materials in the leaf, were considered. 
In another set/the leaf bases were allowed 
to dip into water in order to follow the 
metabolism of turgid leaves in dim light. 
The detailed results deserve the attention 
of specialists. Perhaps the most interesting 
feature, as far as non-specialists arc con¬ 
cerned, is that nicotine appears to be an 
intermediary product of nitrogen metab¬ 
olism, and decreases in amount during the 
curing process in some unknown way. 



The Biochemistry of Medicine. 

By A. T. Cameron and C. R. Gilmour. Wil¬ 
liam Wood and Co. y Baltimore. $7.2.5. 
x 8f; x + 506; 1933. 

The principal clinical applications of bio¬ 
chemistry are described in brief terms and 
the significance of the chemical tests crit¬ 
ically evaluated. It is this, together with 
the numerous references, that renders this 
volume a valuable handbook on the subject. 
The authors consider only those diseases of 
which the manifestations and symptoms 
can be explained on a biochemical basis. 
For purposes of clear exposition it is in ef¬ 
fect assumed that the whole question is 
one of chemistry, and the disease or con¬ 
dition is treated almost as an abstract 
chemical problem. Especially concise and 
clear is the outline of human biochemistry 
which precedes the descriptive part. A 
useful and stimulating book. 



The Physico-chemicalTheory of the Proc¬ 
ess of the Internal Defence of Animals. 
(Immunity , Tolerance , Specific Chemiotherapy 
and the Related Phenomena of Hypersensitive¬ 
ness and Idiosynchrasis') (A Preliminary 
Report). 

By David S. Anand, Infectious Diseases 
Hospital , Lahore , India . Rs. 3. 5} x 8J; 
xii + 91; no date (paper). 

Anand draws an analogy between the par¬ 
enteral digestion of proteins in the alimen¬ 
tary canal and the internal hydrolysis of 


foreign proteins or antigens in the circula¬ 
tory system. According to his theory the 
hydrolysis of antigens is brought about by 
catalysts derived from the rcticulo-cndo- 
thclial cells. In the process of hydrolysis 
antigens arc converted by successive stages 
into antibodies. The pamphlet is not well 
written and is very poorly printed. In the 
review copy a number of pages arc dupli¬ 
cated and several arc missing. 



Zum Mbchanismus der Enzymwirkung 

UNTER BESONDERER BeRUCKSICHTIGUNG DER ' 

Kryolysb. Sammlung chemtscher und chem - 
isch-technischer Vortrdge y Neue Folge Heft 18. 

By F. F. Nord. Ferdinand Enke y Stuttgart. 

4.30 marks. 6J x 10; 51; 1933 (paper). 
An account of the experiments conducted 
in the Physiological Institute of the Veteri¬ 
nary School in Berlin, on the mechanism 
of enzyme action, with particular reference 
to the effects of freezing. Freezing solu¬ 
tions and emulsions and then making 
measurements of surface tension, viscosity, 
electric conduction, cataphorctic migration 
velocity, gas absorption and drop count, 
showca that in freezing the lyophile col¬ 
loids underwent an irreversible change. 
In similar measurements the direction of 
change, with exception of viscosity, was 
similar for all colloids. The bibliography 
contains six titles. 



Chemistry and Physics for Botany and 
Biology Students. Second Edition. 

By E.R. Spratt. University Tutorial Press , 

London. 3s. 6d. 4$ x 7I; vii + 184; 1953. 
A second edition, thoroughly revised, of a 
book which is highly useful in teaching 
the elementary biochemistry of plants and 
animals to students of elementary botany 
and of biology in general. Many of the 
sections have been extended. New chap¬ 
ters on magnetism and electricity, elec¬ 
trolytic dissociation, the atom and valency, 
light, etc. have been added. Each section 
concludes with a group of experimental 
problems for laboratory work. The work 
is abundantly illustrated and is indexed. 
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Biochemical and Allied Research in 
India in 1931. 

Society of Biological Chemists , Indian Insti¬ 
tute of Science , Bangalore. Subscription 
Rs. 1 per year. 5^x8$; 86; 1933 (paper). 



SEX 

Testicular Grafting from Ape to Man: 
Operative Technique , Physiological Manifesta¬ 
tions, Histological Evolutions, Statistics. 

By Serge Voronoff and George Alexandrescu. 
Translated by Theodore C. Merrill. Wil¬ 
liams and Norgate , London. 5 shillings 
net. 6J x 8J; viii + 115; 1933. 

The Conquest of Life. 

By Serge Voronoff. Translated by G. Gibier 
Rambaud. Williams and Norgate, London. 
7s. 6d. net. 5^ x S\; 101; 1933. 

These books are representative of two as¬ 
pects of the work of Voronoff and his co- 
workcrs. The first book, addressed to the 
medical profession, deals with technical 
details of glandular grafting. It is pri¬ 
marily an attempt to establish the scienti¬ 
fic soundness of Voronoff’s methods and 
results. The second book, addressed to 
the general public, is an attempt to popu¬ 
larize “rejuvenation.” 

Testicular Grafting is divided into four 
parts. The first deals with the operative 
technique which has led to successful 
transplanting of thin sections of simian 
testicular tissue upon the tunica vaginalis 
of the human testicle. In the second part 
the physiological effects on the grafted 
individual arc described. Even the most 
sympathetic critical reader will probably 
fail to be impressed by vague subjective 
reports that the grafted individual “feels 
better.” The third portion of the book 
contains a discussion of changes which the 
grafted tissue undergoes. A number of 
histological drawings show the initial 
plasma and cellular infiltration into the 
graft, the reorganization of the epithelial 
elements of the seminiferous tubules into 
insular epithelial structures, and the final 
disappearance of the epithelial tissue and 
complete fibrosis of the graft after a period 
of six to eight years. This section is by 
far the most important in the book. The 
last portion of the book is designated 


“Statistical Summary.” Here a short 
table gives the indications for grafting and 
the results obtained on 475 human cases 
operated on by Drs. Serge and Georges 
Voronoff. The “results’ consist of the 
unqualified classification of the cases by the 
operators into “successes” and “failures.” 

The Conquest of Life may do much to dis¬ 
credit Voronoff in the minds of his scien¬ 
tific contemporaries. 



Man into Woman. An Authentic Record of 
a Change of Sex. The True Story of the Miracu¬ 
lous Transformation of the Danish Painter 
Einar Wegener CAndreas Sparre). 

Edited by Niels Hoyer. Translated from the 

German by H. J. Stenning. Introduction by 

Norman Haire. E. P. Dutton and Co ., New 

York. $3.50. 5! x 8?; 188; 1933. 

This book contains an account of an at¬ 
tempted surgical transformation of a man 
into a woman. Andreas Sparre, a well- 
known Danish painter, was obsessed with 
the idea that his destiny was to become a 
woman, not only in spirit but also in fact. 
After a long search he found a German 
physician, Professor Warnckros, an endo¬ 
crinologist and surgeon of Dresden (his 
name is mentioned on the blurb but not in 
the text) who encouraged him in his effort 
and made arrangements for the surgical 
transformation. Sparre, outwardly, was 
definitely male but hormonal blood tests 
revealed the presence of female sex hor¬ 
mones and later rudimentary ovaries dam¬ 
aged by previous X-ray treatment were 
found. In several operations the male 
organs were completely removed and ova¬ 
rian tissue from a healthy young girl was 
implanted. 

At this stage Sparre had his name changed 
to Lili Elbe ana legally became a woman, 
had his marriage annulled and became 
engaged to a French painter. This extra¬ 
ordinary story is finally concluded by the 
death of Lili Elbe, following an attempt 
to build-in the necessary apparatus for in¬ 
tercourse and child bearing. 

After the first fifteen pages in which the 
general outlines of this account are given, 
the book becomes dull reading. The His¬ 
tory of the biological as well as the psycho- 
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logical details, as told chiefly by Sparre to a 
friend, is too incomplete to make the book 
of any particular interest beyond that of an 
extraordinary medical anecdote. 



Sane Reasons for Birth Control. Part¬ 
ington’s Plain Talks No . /. 

By T. Bowen Partington. Health and 

Strength, London. 6 d. net. 4I x 7!; 31; 
no date (paper). 

A Learned Judge s Views on Birth Con¬ 
trol. Mr. Justice McCardie Speaks Out. 
Partington’s Plain Talks No. 2. 

By T. Bowen Partington. Health and 

Strength, London. 6d. net. 4J x 7!; 19; 
no date (paper). 

The Secret Vice of Youth and Its Effect in 
Recent Years. Partington s Plain Talks No. j. 
By T. Bowen Partington. Health and 

Strength, London. 6d. net. 4I x 7 §; 30; 
no date (paper). 

Pamphlets 1 and i contain the usual senti¬ 
mental appeal of the necessity of birth con¬ 
trol for the poor people. The sincerity of 
T. B. Partington, F.I.L., F.R.E.S., is so 
apparent that one would almost suspect 
him of advocating a law making birth con¬ 
trol obligatory. Incidentally, for a small 
fee, the author is prepared to give advice 
to those troubled with sex problems. 

' The pamphlet on masturbation is very 
feeble even when compared with the above. 
The author would certainly benefit by 
glancing through the works of any of the 
religious writers on the subject. 



Sex and Rejuvenation. 

By G. E. 0 . Knight. New World Publish¬ 
ing Co., London. 1 shilling. 5 x 7%; 18; 
no date (paper). 

Sex from the Standpoint of Youth. 

By R. H. Innes. New World Publishing 
Co., London. 1 shilling. 5 x 16; no 
date (paper). 

What would be the fate of our civilization 
if we had not had such men as these authors 
to guide us? 

There will be no more immorality, says 
Mr. Innes, when free love and nudism be¬ 
come universal. This conclusion is arrived 
at with such gems of thought as the follow¬ 


ing: “Free love is sexual intercourse sub¬ 
limated by love.” 

On the other hand Mr. Knight has at 
heart the physical ills due to endocrine 
disfunction. These are many he says, 
without enumerating, and sex rejuvenation 
will relieve them. Of course the evil 
minded might think the author mercenary 
only because he mentions a certain name 
and address where sex rejuvenation is to 
be achieved. 



BIOMETRY 

Use of the Exponential Yield Curve in 
Fertilizer Experiments. U. S. Depart¬ 
ment of Agriculture Technical Bulletin No. 548. 

By W. J. Spillman. U. S. Government 

Printing Office, Washington. 10 cents. 

5! X 9; 66; 1933 (paper). 

Although the law of diminishing returns has 
long been a subject of discussion among 
economists, the earlier members of the 
profession did little to investigate the 
actual functional form of the relation be¬ 
tween amount of a given factor in produc¬ 
tion and amount of product. It was left 
for agronomists ana agricultural econo¬ 
mists to determine this relation in their 
experiments on the effect of different 
amounts of a growth factor supplied in 
fertilizer on the crop produced. In 1911 
Mitscherlich found that an exponential 
curve of the form Y = M — AR X describes 
the relation, while in 1917 Niklas and 
Miller concluded that it could be better 
represented by a second order parabola. 
The author of this bulletin prefers the ex¬ 
ponential form, since it is much more 
successful in extrapolation than the para¬ 
bola. Formulas are derived for determining 
the amount of available plant food in the 
soil, the optimum fertilizer formula to use, 
and the optimum quantity of fertilizer to 
apply for greatest profit per acre. Methods 
and auxiliary tables for the fitting of ex¬ 
ponential curves are given. There is a 
bibliography of 11 titles. 



The Nomogram. The Theory and Practical 
Construction of Computation Charts. 

By H. J . Allcock and J . Reginald Jones. 
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Isaac Pitman and Sons, New York. $3.00. 

5$ x 8§; viii + 209; 1931. 

One of the most useful methods for the 
rapid solution of complex numerical formu¬ 
lae is the nomogram or computation chart. 
However, this device is still less extensively 
used than its advantages warrant. The 
authors have aimed in this excellent book 

to combine a discussion of the general theory with 
practical directions for the construction and use of all 
classes of computation charts having scientific or in¬ 
dustrial applications. In every case, stress has been 
laid on the details of construction, and examples are 
given illustrating the various methods employed. 



Manual of Joint Causes of Death . Show¬ 
ing Assignment to the Preferred Title of the 
International List of Causes of Death When 
Two Causes are Simultaneously Reported. De¬ 
partment of Commerce , Bureau of the Census. 
Third Edition. 

Prepared under the supervision of T. F. Mur¬ 
phy. U. S. Government Printing Office , 
Washington. $1.00. 5I x 9; iii + 2.55; 
*933- 



PSYCHOLOGY AND BEHAVIOR 

The Intelligence of Scottish Children. 
A National Survey of an Age-Group. Publica¬ 
tions of the Scottish Council for Research in 
Education V. 

The Scottish Council for Research in Educa¬ 
tion. Mental Survey Committee. Univer¬ 
sity of London Press , London. 5 shillings 
net. 5f x 8f; x + 160; 1933. 

A survey representing a complete cross-sec¬ 
tion of the Scottish community. The vol¬ 
ume will be highly useful to those planning 
similar investigations in other countries. 
Roughly 87,000 children born in 1911 were 
tested, the survey taking place in June 
1932. Scholarship tests devised by the 
committee in charge of the work together 
with the Terman revision of the Binet scale 
were made on a thousand children for pur- 

? Dses of comparison with the group tests, 
he results show 

no certain evidence of any significant difference in aver¬ 
age intelligence between the boys and girls born in 
Scotland in 19x1. There seems fairly definite evidence 
that the intelligence quotients of the boys are more 


widely scattered than the intelligence quotients of 
the girls. 

The data indicate that the scatter of in¬ 
telligence is considerably greater than 
previous surveys have shown. 

If I.Q. 90 to I.Q. no is taken to represent the range 
of what is termed the average child, somewhat fewer 
than half of the school population are in this sense 
average, and not somewhat more than half, as has 
hitherto been held. The groups which range them¬ 
selves on either side of the average and are usually 
termed superior and retarded respectively are greater 
than has hitherto been believed. 

The report is complete in every detail. 
The data on individual and group tests are 
exhibited in tables and graphs in the text. 
In a group of appendices will be found 
instructions for giving the tests, forms of 
tests, etc. There is an index. 



A Handbook of Child Psychology. 
Second Edition , Revised. 

By John E. Anderson , Phyllis Blanchard , 
William E. Blat%, Charlotte Buhler , Bar¬ 
bara S. Burks , Leonard Carmichael, Arnold 
Gesell , Florence L. Goodenough , Let a S. 
Hollingworth, Harold E. Jones , Mary C. 
Jones , Vernon Jones , Heinrich Kluver, Kurt 
Lew in, Dorothea McCarthy , Margaret Mead , 
Joseph Peterson , Jean Piaget , Rudolf Pint - 
ncr, Karl C. Pratt , Mary M. Shirley , Lewis 
M. Terman , Lee E. Travis , Beth L. Well¬ 
man. Edited by Carl Murchison. Clark 
University Press , Worcester , Mass. $5.00. 
64 x 9; xii + 95^; I 933* 

The editor states in the preface that the 
revision of this volume “is due chiefly 
to the great expansion of the field during 
the past three years and partly to the im¬ 
proved insight of the Editor. * * While the 
change in editorial insight may not be 
apparent, the great growth of the field is 
plainly evident. Of the twenty-two pa¬ 
pers included in the first edition, four, 
Children s Philosophies , Eidetic Imagery , The 
Feebleminded Child , and The Primitive Child 
remain substantially unchanged. Seven 
papers, The Methods of Child Psychology , 
Language Development , The Social Behavior of 
Children , Learning in Children , Children s 
Morals , Order of Birth and Environmental 
Forces have been revised and enlarged. 
Eight papers have been omitted. There 
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are eleven papers on subjects not previously 
considered. Of these, Carmichael's review 
of the Origin and Prenatal Growth of Behavior , 
Pratt’s discussion of The Neonate , and Gc- 
scll's treatment of Maturation and Pattern¬ 
ing of Behavior are particularly extensive. 
New papers on more specialized topics 
include Locomotor and Visual-manual Func¬ 
tion in the First Two Years , by Shirley, Emo¬ 
tional Development by Jones, The Measure¬ 
ment of Mental Growth by Goodenough, Sex 
Differences by Wellman, Speech Pathology 
by Travis, and The Physiological Appetites 
by Blatz. The Gifted Child , The Child of 
Special Gifts or Special Deficiencies , The Child 
with Difficulties of Adjustment and The Adol¬ 
escent Child are contributed respectively by 
Terman and Burks, Hollingworth, Blan¬ 
chard, and Hollingworth. Viewed as a 
whole the work is well done. Each paper 
is followed by an extensive bibliography 
and there is a complete subject and author 
index. 



A Critique of Sublimation in Males: a 
Study of Forty Superior Single Men. 
Genetic Psychology Monographs , Vol. XIII , 
No. i. 

By W. S. Taylor. Clark University Press , 

Worcester, Mass. $i.oo. 6$ x 9!; 115; 

193J (paper). 

In this interesting monograph the author 
attempts to find whether complete sexual 
sublimation occurs in healthy, active in¬ 
tellectual men in their twenties and thir¬ 
ties. Of the forty unmarried graduate 
students from whom he gathered data none 
had been completely successful in sublimat¬ 
ing their sex energies into “higher forms” 
of activity. In 18 per cent the sexual ener¬ 
gies found expression in nocturnal emis¬ 
sions only; 15 per cent found satisfaction 
in habitual “petting” to the extent of 
orgasm; 63 percent practiced masturbation; 
8 per cent had intercourse with prostitutes 
and 13 per cent with women other than 

{ >rostitutcs. In some cases more than one 
orm of sex adjustment was practiced, so 
that the percentages add to more than 100 
per cent. The author concludes that there 
is in young men an irreducible minimum 
of sexuality which is never transmuted or 
sublimated away but which requires and 


finds some direct outlet in every case. As 
to the bearing of his study on the conduct 
of life he concludes that 

no perfect solution for the problem of sex in the young 
adult male has appeared. Pending the arrival of the 
perfect social order that never comes, it would seem 
that any form of adjustment must bring with it both 
advantages and disadvantages. “Dreams” appear to 
fail many mature men who nave to work hard; spoon¬ 
ing” is a curious make-shift, probably not lacking in 
social and other disadvantages; “masturbation” fails 
to develop the normal emotional and social life, if it 
docs not stunt that life; “women,” and “prostitutes,” 
as “adjustments,” involve several kinds of deprivation 
and danger, particularly to the women themselves; and 
early marriage, which suggests itself as an alternative, 
runs all the risks of youth and inexperience. 

Yet, under the conditions, early marriage may be 
the best way. The few instances that the writer has 
seen of married graduate students of the type studied 
were instances pf contentment, good work, and good 
play ... As for the economic factor, if it is not true 
that two can live as cheaply as one, it is nevertheless 
true that two can live as cheaply as two. 

The book contains a bibliography of 134 
titles and an adequate index. 



Culture and Human Behavior. 

By Sanford Winston. The Ronald Press Co ., 

New York. $1.50. 5$ x 8; ix + 2.49; 

In this book the author approaches the 
study of sociology from the cultural stand¬ 
point, which, he concludes, “is basic to an 
understanding of social institutions and of 
human behavior in general.’' A culture— 
the material instruments and the non¬ 
material ways of doing and thinking which 
a society has developed—is based on socie¬ 
tal adjustments to problems of human ex¬ 
istence. The biological factors of hunger 
and sex, the geographical limitations of 
the environment, the fact that man lives a 
social life, pose problems to which men 
attempt different solutions. Those solu¬ 
tions which seem the most satisfactory to 
a group become stereotyped in its mores. 

In his insistence on the functional ap¬ 
proach Dr. Winston seems inclined to the 
viewpoint that all cultural traits are use¬ 
ful and necessary, an attitude dangerously 
close to Pope's “Whatever is, is right.” 
No doubt a student of a culture should not 
be hasty in assuming that a trait of which 
he does not at first sight perceive the use 
is therefore useless, yet it seems equally 
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invalid to assume a triori that the trait is 
necessary. After all, different societies 
have adopted widely different means of 
solving a problem, so that a custom which 
one society regards as pernicious is found 
in another to work well. As organic evolu¬ 
tion is the result of individual variation, 
it is likewise conceivable that societal 
evolution towards a more perfect adjust¬ 
ment of culture to needs might be facili¬ 
tated by greater freedom for individual 
variation in behavior. 


possible to enable one of the subject’s per¬ 
sonalities to recognize another, and gradu¬ 
ally a partial cure was effected. The book 
is free from theorizing throughout and 
both psychologists and general readers 
will like it. 



Observational Studies of Social Be¬ 
havior. Volume I—Social Behavior Pat¬ 
terns, 


The book contains a bibliography of nine 
pages and an index. 



Persons One and Three. A Study in Mul¬ 
tiple Personalities, 

By Shepherd /. Franz.. Whittlesey House, 

McGraw-Hill Book Co., New York. $2..oo. 

5 x 7}; xv + 188; 1933. 

This case history of a man picked up by 
the Los Angeles police and found to pos¬ 
sess a multiple personality has the double 
merit of being as entertaining as a detec¬ 
tive novel and at the same time of being a 
complete and objective description of an 
interesting psychopathic case. For this 
man, time began in February, 1915, during 
his convalescence from wounds received 
in action in Belgium, and by no exercise of 
his imagination and ingenuity could he 
trace his doings before that time. He was 
a man of more than average intelligence, 
and being greatly disturbed at his inability 
to remember his name or birthplace he 
had traveled widely, hoping to find some 
place he could recognize as home. He even 
attended the services of a number of different 
religious denominations, experimentally, 
in an effort to find the one in which he had 
been reared. Dr. Franz has made a narra¬ 
tive of his attempts to link up the two, or 
possibly three, personalities that emerged 
during the course of his questioning of the 
man, resorting to his record of questions 
and answers occasionally, quoting letters, 
and giving facsimiles of the man’s hand¬ 
writing at different times. Incidentally, 
the self-contradictions contained in the 
service record supplied by the British War 
Office are as puzzling as anything else in 
the book. Finally, as a result of question¬ 
ing at a particularly favorable time, it was 


By Dorothy S. Thomas , Alice M. Loomis , 
Ruth E. Arrington, with the assistance of 
Eleanor C. Isbell. Institute of Human 
Relations, Yale University , New Haven. 
$1.50. 6x9; xvii + 271; 1933 (paper). 

A technique for observing and recording 
overt behavior patterns is here fully des¬ 
cribed. It differs from that of previous 
investigations because the authors have 
attempted to group the different modes of 
social interactions into a few well delimited 
categories. These are to delineate the reac¬ 
tions of each individual in a given length 
of time; the proportion of time dedicated 
to establish contact with other individuals, 
with surrounding objects, or with none 
and nothing. In general, behavior depends 
upon the nature of environment and so 
examples arc given of modification of the 
technique when applied to a nursery school 
group, a kindergarten group, a trade 
school and an adult industrial group. 

From this preliminary report very little 
can be said as to the value of these catc- 
ories and their significance. Criticism 
ased only on theoretical grounds is out 
of place because the authors themselves ded¬ 
icate the greatest portion of this volume 
to seeking the many subjective and objec¬ 
tive sources of error. This deserves un¬ 
stinted praise and promises much for the 
conclusivcncss of their findings. 



The First Two Years: a Study ofTwenty- 
five Babies. Volume III . Personality Mani¬ 
festations. 

By Mary M. Shirley. University of Minne¬ 
sota Press, Minneapolis . $1.50. 3f x 7I; 

xi + 2.18; 1933. 

The concluding volume of this scries, ear¬ 
lier parts of which have been reviewed in 
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our pages, deals with the development of 
personality in the babies studied and its 
quantitative treatment. Observations 
were made on the babies at home in their 
natural environment. Much credit is due 
to the mothers who cooperated in making 
the records. After such thorough investi¬ 
gation it is found that personality differ¬ 
ences are apparent at birth, and in one case 
a mother noticed a difference in the pre¬ 
natal activity of twins. 

An age tread consistent with that of the group is 
manifested in every item of the baby’s behavior. . . 
Each baby tends to manifest the various behavior 
items in approximately the same proportions from age 
to age. An item that is given up is replaced by an¬ 
other that is consistent with it. . . Each baby exhibits 
a characteristic pattern of personality traits that changes 
little with age . . . Babies manifest personality traits 
that arc in harmony with those of their families. 

There is a bibliography of 17 items and 
an index. 



Conditioned Responses in Children. A 
Behavioral and Quantitative Critical Review of 
Experimental Studies. 

By Gregory H, S. Rafran. Archives of 

Psychology , Columbia University , New York. 

$1.50. 6| x 9$; 120; 1933 (paper). 

This monograph, inaugurating a series of 
reviews of experiments on human and ani¬ 
mal conditioning, presents a systematic and 
comprehensive account of the work on con¬ 
ditioning of children, conducted by Russian 
and non-Russian workers. It is divided 
into six parts as follows: I. Experiments 
from Krasnogorski’s Laboratory; II. Ex¬ 
periments from Chuchmarev’s and Lenz’s 
Laboratories; III. Experiments from Ivanov- 
Smolensky’s Laboratory; IV. Experiments 
from Bekhterev’s Laboratory; V. Individ¬ 
ual Experiments, both Russian and non- 
Russian; VI. Summary and Conclusions. 
The treatment is behavioral in that cere¬ 
bral theories are excluded, quantitative in 
that statistical measures have been 
computed from the data, and critical in 
pointing out factors uncontrolled by the 
experimenters. The book contains a bib¬ 
liography of four pages, 19 photographs and 
diagrams, and 44 tables, and wifi be a wel¬ 


come contribution to the psychologist and 
student of conditioning and learning, 
especially since some of the work included 
has not hitherto been available in English. 



An Introduction to Animal Psychology. 
The Behavior of the Rat . 

By Norman L. Munn. Houghton Mifflin 
Co.y Boston. $3.00. 5§ x 8; xxii + 439; 

I 933- 

The literature on the behavior of the white 
rat is here extensively and systematically 
reviewed. The author’s knowledge of the 
subject and his objective criticism render 
the whole a complete and excellent trea¬ 
tise necessary for the student in this field. 
There are reported the investigations on 
unlearned behavior, sensory processes, 
learning processes, symbolic processes. 
Many of the experiments are quoted at 
great length ana the apparatus and meth¬ 
ods used are described in detail. There 
is a detailed bibliography. 



The Development of Learning in Young 
Children. 

By Lovisa C. Wagoner . McGraw-Hill 

Book Co ., New York. $1.50. 5^ x 8; xiv 

+ 3^; I 933* ... 

This book traces in an interesting fashion 
the development of learning in young 
children. Among the important points 
discussed are the steps by which the grow¬ 
ing individual reaches maturity, his prog¬ 
ress in the mastery of his own body, and 
the technique by which he acquires the 
skills and methods of response which per¬ 
mit him to take his place in modern society. 
The author, through contact with nursery 
school children, points out a number of 
their behavior problems and suggests 
methods of dealing with them. This book 
should have appeal both to the psycholo¬ 
gist and the parent or teacher. The value 
of the work is enhanced by its systematic 
treatment of the subject as well as its ex¬ 
tensive bibliography. 
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Psychoanalysis and Medicine. A Study 
of the Wish to Fall III . 

By Karin Stephen . The Macmillan Co ., 
New York . $1.50. x yl ; vii + 138; 
I 933- 

This elucidation of psychoanalysis is both 
penetrating and clear. In discussing the 
“wish to fall ill“ the author gives a full 
summary of Freud's doctrines. This neu¬ 
rosis, which is often met with in medical 
practice, according to the author is due to 
repression also. The mechanism of re¬ 
pression is described—how the need orig¬ 
inates, and how, when repression threat¬ 
ens to fail, the inner conflict is resolved by 
symptom formation. 

Examples and illustrations similar to 
those given by Freud and others are used, 
but the author apparently draws a great 
deal from her own experience. 



Behind the Door of Delusion. 

By “Inmate Ward 8." The Macmillan 
Co. y New York. $l.oo. 5J x + 

3*5; *933- 

A former journalist, suffering from dipso¬ 
mania and for this an inmate of an insane 
asylum, describes briefly his environment 
and some of his companions, their thoughts 
and reactions. With studied simplicity 
and pathetic humor he seeks to emphasize 
the tragedy of their situation and thus 
arouse greater sympathy for their fate. 
Very interesting is his account of the agita¬ 
tion of his fellow inmates on the question 
of sterilization of the insane. Their ex¬ 
pressed opinions with which he fully 
agrees show that they possess a clear reali¬ 
zation of its significance and probable ef¬ 
fects. 



Die vitale Person. Sammlung psychia - 
trischer und neurologischer Ein%eldarstellungen 
Band II. 

By Ernst Braun. Georg Thieme , Leipzig. 

7 marks. 6J x ioj; v + 79; 1933 (paper). 
A psychiatrist considers Homo sapiens in his 
psychological, biological ana clinical 
aspects. 


DE OMNIBUS REBUS 
ET QUIBUSDEM ALUS 

Scientific Theory and Religion. The 
World Described by Science and Its Spiritual 
Interpretation. 

By Ernest W. Barnes . The Macmillan Co ., 

New York. $4.00. 6| x 9J; xxiv + 685; 

^ I 933* 

The viewpoint from which this book, a 
revised form of a series of Gifford Lectures, 
is written is that “Theology cannot be 
based solely on human spiritual experience; 
it must take account of the God of Nature 
revealed by science." With this end in 
view the Bishop of Birmingham devotes 
the greater part of his work to a technically 
competent and very well written exposi¬ 
tion of the present-day results of physics, 
astronomy, biology and anthropology. 
Beginning with the dynamics ana struc¬ 
ture of matter, he deals with space and the 
rival systems of geometry which have been 
developed to represent it; the special and 
general theories of relativity; the electrical 
theory of matter; heat and light; the quan¬ 
tum theory and Rontgen rays; the solar 
system; the galactic universe and the great 
nebulae; the origin of life and the geo¬ 
logical record; the evolution of plants and 
animals; Mendelism; the machinery of 
evolution; and man's origin and past. 
This part of the book will be of value to 
anyone who wishes a connected account 
of modern scientific results, whether or 
not he is interested in their bearing on 
theology. 

But there remain problems, both of 
metaphysics and of theology, to consider. 
How far does science give us knowledge of 
a 'real* world? The author’s position is 
that of moderate realism. Objects have a 
real and independent existence because 
they exist in the Mind of God. But God 
is not only a knower but a doer as well. 
The genetic variations which are the basis 
of evolution are, by the Bishop's inter¬ 
pretation, the result of His creative ac¬ 
tivity. Yet there is a difficulty here. 
Such genetic variations are non-moral. 
The problem of evil, which has plagued 
men's minds since the time of Jod, still 
remains to be solved. Yet, although the 
Bishop recognizes that “all attempts to 
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take from God responsibility for the nature 
of his creatures must fail/* he is firm in 
the conviction that a God who has created 
men to seek after righteousness must be a 
good God. (Reginald the Office Boy says 
it is mean to stick pins in the legs of a 
first-rate scientific man just because he 
wears gaiters.) 



The Universe of Light. 

By Sir William Brag?. Macmillan Co., 
New York. $3.50. 5$ x 8|; xi + 183; 

Sir William Bragg’s account of the prop¬ 
erties of light ranks as one of the best pieces 
of popular scientific writing of the year. 
It is based on the Christmas Lectures de¬ 
livered at the Royal Institution in 1931 
and covers about the same ground as the 
section on radiant energy in an introductory 
college physics textbook but in a quite 


different way. Familiar observations and 
photographs, some of them colored, of 
lecture-taple experiments have been used 
in addition to diagrams in order to demon¬ 
strate general principles instead of the 
use of algebraic treatment. Instead of 
being obliged to use water waves as an 
illustration of wave motion nowadays a 
lecturer can call upon popular experience 
with radio waves, with some gain in 
clarity. He has taken as the thread of 
his story the old rivalry between the cor¬ 
puscular and the wave theory of light 
*‘which has been one of the most powerful 
contributors to the development of 
science.” Everything has been nicely 
calculated to arouse the interest of an 
inquiring boy and to start him looking for 
illustrations of these self-same principles 
in things he can sec about him, automobile 
headlights, the lustre of fabrics, and me¬ 
teorological phenomena, for instance, and 
this isn 11 a bad result for a book to produce 
in anyone. 



VOL. 9, NO. Z 


June, 1934 


The Quarterly Review 
of Biology 



PHYLOGENETIC TAXONOMY OF PLANTS 

By JOHN H. SCHAFFNER 

Department of Botany , The Ohio State University (Paper No. 326) 

T AXONOMY is the science of plants and these along with the minerals 
classification of plants and ani- and animals are classified according to 
mals according to some principle, their supposed medicinal value or prop- 
purpose, or philosophy held by ertics into three groups—1. High grade; 
the classifier. In early times men classified 2.. Medium grade; 3. Low grade. Later 
living things according to obvious simi- Tung Chun in the reign of Hwang Ti 
larities in appearance and obvious simi- (1697-1513 B.C.) wrote a book of two 
larities in use. Many “kinds*' of plants volumes entitled Manual for Recognising 
and animals were recognized and named and Collecting Medicinal Plants. In the 
before there was any development of real ancient Mosaic law the animals were 
biological science and these kinds were grouped into various categories and these 
often arranged into simple systems for the groups were then divided as clean or 
various purposes and uses to which the unclean for food. The main purpose of 
organisms were put. the classification was to distinguish ani- 

Thc Emperor Shcn Nung, the second mals to be used for food and ceremonial 
ruler in the Chinese period called the purposes from those which were to be 
“Age of the Five Emperors," was ap- avoided. 

parently the real historical “father of With the advance of biological knowl- 
botany.** His rule is usually dated from edge, more elaborate and more strictly 
B.C. 1838-1698. His book is called Shen scientific systems were developed. Aris- 
Nungs Tree and Herb Book and consists of totle (384-311 B.C.) developed a classi- 
three volumes. It has come down with fication of plants and animals which, 
some changes, losses, and additions, as although crude from our point of view, 
would be expected, to the present time, gave a decided impetus to the study of 
It was written especially for medical taxonomy. Ercsios Thcophrastos (370- 
purposes but also gives information in 185 B.C.) has been called the “father of 
regard to food plants and industry. Be- botany." He described about 450 culti- 
sides various kinds of minerals and ani- vated plants and classified them as herbs, 
mals, it contains a total of 151 species of undershrubs, shrubs and trees, regarding 

X2.9 
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the trees as the very highest expression 
of plant development. Down to the six¬ 
teenth century practically no further 
botanical taxonomic knowledge was devel¬ 
oped and during the zoo years of the time 
of the herbalists the object of plant classi¬ 
fication and description was still to enable 
interested persons to identify medicinal 
plants. The main interest of the herb¬ 
alists in taxonomy was still about the 
same as it had been for Shen Nung, Tung 
Chun, and Theophrastos. 

Coming down to modern times, the 
first system of plant classification that 
came into quite general use was Linnaeus’ 
Artificial System, first outlined in 1735. 
Tournefort had established the genus con¬ 
cept by the year 1700 and had given 
definite names and descriptions to a large 
number of genera. In 1753 Linnaeus es¬ 
tablished the binomial system of nomen¬ 
clature in his Species Flantarum , which has 
become the primary starting point for our 
present botanical practice in determining 
plant names. In this work, Linnaeus 
divided plants into 14 classes, Z3 classes 
♦of flowering plants (Phanerogamia) and 
one class of flowerless plants (Crypto- 
gamia). Within the classes, orders were 
recognized and the orders were divided 
into genera. Linnaeus recognized the fact 
that his system was purely artificial. 

In 1789, de Jussieu developed a "Natural 
System" and this was a new starting point 
for plant taxonomy. This "Natural Sys¬ 
tem" was, of course, not developed on 
any evolutionary principle but was never¬ 
theless a great step in advance toward a 
true natural system of taxonomy. Dc 
Candolle in 1813 developed an improved 
system of natural classification and im¬ 
portant additions and improvements were 
also made by Stephan Endlicher, Adolphe 
Brongniart, Alexander Braun, John Lind- 
Icy, and many others, both for the higher 
and lower plants. In 186Z-1880, Bentham 


and Hooker published the three volumes 
of the Genera Flantarum , with a classifi¬ 
cation which reflected many of the features 
of the systems of dc Jussieu and de Can¬ 
dolle, but was nevertheless a decided 
improvement. The classification followed 
in the Genera Flantarum became the estab¬ 
lished system in America, through the 
influence of Asa Gray and others, until 
it was replaced in recent years by the 
Englcr System as developed in Die Natur- 
lichen Pflanzenfamilien. The Engler Sys¬ 
tem of classification appeared in its first 
form in 1886. The Englcr System is a 
revised and improved form of the classi¬ 
fication of Eichler, first proposed in 1876 
and further developed in later years. 
Wettstein has also followed the Engler 
System with no essential modifications. 
These present, standard taxonomies are 
regarded as true evolutionary systems but 
they were, nevertheless, based largely on 
the teleological and anarchistic theories 
of evolution developed by Lamarck and 
Darwin as well as on very superficial 
morphological analyses. 

A new era was initiated by Besscy in 
developing the phyletic viewpoint of 
taxonomy. Bessey appropriated the best 
features of the Bentham and Hooker 
system and gradually developed a con¬ 
sistent phylogenetic taxonomy of the 
entire plant kingdom, which is more or 
less in harmony with our present view of 
the theory of descent. The germs of the 
Phyletic System are found in Bessey’s 
paper, "A Synopsis of the Larger Groups 
of the Vegetable Kingdom," published in 
1894. Bessey’s system was gradually de¬ 
veloped with many important papers on 
the subject until the time of his death 
in 1915. Among his more important con¬ 
tributions arc papers and synopses that 
appeared in 1897, 1907, 1909, 1910, and 
1915. 

Gradually the new viewpoint began to 
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influence the taxonomic thinking of a 
few isolated taxonomists although the 
vast majority both in America and the 
rest of the world followed the Engler 
system without question as though it 
were the final consummation of all taxo¬ 
nomic knowledge. In 1905 Hallier pub¬ 
lished an outline of classification of the 
flowering plants which had many features 
in common with the systems proposed by 
Bentham and Hooker and by Bessey. In 
the same year the writer published his 
Laboratory Outlines for General Botany in 
which the study of the evolution of the 
flower of Angiosperms began definitely 
with Sagittaria and Ranunculus and ended 
with Taraxacum. In 1910, in the second 
edition, the magnolia was placed before 
these as being a more suitable type for 
the study of the primitive angiospermous 
flower. In this edition was also included 
a “tree'* of the 16 phyletic groups, the 
Diatomeae and the Conjugatae being then 
regarded as entirely distinct phyla. From 
1905 to 19^2. the writer published a series 
of papers on “The Classification of Plants” 
based on the phyletic idea and a new 
series, “Principles of Plant Taxonomy, 
I-X” has been published in 192.4-1931. 
In 1918, the author also published a 
Field Manual of the Flora of Ohio in which 
the Phyletic Taxonomy is consistently 
developed. 

In the meantime, some important Euro¬ 
pean contributions have been made to the 
subject by Arber and Parkin, by Mez with 
his application of serological methods to 
the problem of plant relationships and 
more recently by Hutchinson and by 
Schellenbcrg. 

Botanical science has at last advanced 
far enough, that a rather conclusive taxon¬ 
omy can be established on a true, evolu¬ 
tionary basis. But in order to discern 
the taxonomic system of plants properly, 
so as to avoid reasoning from the particu¬ 
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lar to the general, the botanist must 
certainly be familiar with the general 
characteristics of the whole plant king¬ 
dom, have a knowledge of life cycles, 
and also must be somewhat acquainted 
with paleontology and with ecological 
relations. The principle of organic change 
along definite lines will then become pro¬ 
foundly evident. On the other hand, the 
principle of stability is just as evident. 
Indeed it is so evident that, with a uni¬ 
versal process of evolution accepted as 
the cause of the progression and diversity 
in the plant kingdom, it becomes at first 
difficult to realize that large numbers of 
plant and animal genera have remained 
unchanged for hundreds of millions of 
years. In addition to the principles of 
organic change and organic stability 
another peculiarity is in evidence. Sooner 
or later sexual incompatibility evolves 
between the members of two segregated 
groups and thus they become permanently 
isolated from each other with no further 
possibility of intermediates through hy¬ 
bridization. This incompatibility may 
also evolve between closely related forms. 
Thus completely isolated, narrow lines 
may be established which may continue 
through many geological ages, as for 
example Ginkgo and Equisetum. 

Biological taxonomy has gone through 
much the same process as the classification 
of the chemical elements. Whereas only 
a few years ago the elements appeared to 
represent a more or less chaotic system, 
it now, in consequence of the new knowl¬ 
edge brought about through the dis¬ 
covery of radioactivity, appears to be such 
a perfect cosmos that the chemist is able 
to successfully predict the existence and 
general nature of missing elements. Al¬ 
though biological units are infinitely more 
complex than the chemical elements, the 
taxonomist is, nevertheless, able to postu¬ 
late the necessary steps in the evolutionary 
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progression and actually finds such series 
even in the fragmentary material which is 
available in the living forms and the still 
more fragmentary material of the fossil 
record. He can with a considerable de¬ 
gree of assurance reconstruct the general 
characters of life forms evolved during the 
geological eons. 

PRINCIPLES AND DICTA OP TAXONOMY 

Before proceeding to the development 
of the phyletic system of classification, 
a number of the more important dicta 
involved in the theory of evolution and 
some fundamental principles, on which 
the author’s taxonomic procecdure is 
based, will be presented. 

i. Taxonomy is based on assumed 
phylogenetic relationships which come 
about through evolutionary processes. 

x. Taxonomy must reflect a correct evo¬ 
lutionary theory and any evolutionary 
theory must itself be in harmony with a 
correct taxonomy. Evolution is not tele¬ 
ological in the sense that the structures 
evolved are necessarily of any special use. 
There is no correspondence between funda¬ 
mental evolutionary movements and the 
taxonomic system on the one hand and 
the environment on the other. The same 
taxonomic changes take place in the most 
extreme differences of habitat and a change 
of habitat may bring no corresponding 
change in the taxonomic structures. 

3. In developing the general system, all 
characteristics arc taken into account,— 
morphological, physiological, and chemi¬ 
cal, as also the life cycle; but so far as 
possible the attempt is made to define 
the groups in morphological terms. 

4. The taxonomic characters arc of dif¬ 
ferent dimensions and categories. The 
more fundamental differences are usually 
the greatest and are generally unchange¬ 
able, while minute specific or varietal 
potentialities are less stable and their 


addition or loss does not disturb the funda¬ 
mental system, although inhibiting or 
modifying factors may prevent a proper 
ontogenetic expression to a greater or less 
degree. 

5. The entire taxonomic system is de¬ 
veloped through the addition of segre¬ 
gative and progressive potentialities to the 
protoplast. In general the segregative 
additions are responsible for the larger 
and smaller phyla or phyletic lines while 
the progressive movements result in a 
more and more complex system in the 
individual lines as well as in the greater 
divergence in the characters of homolo¬ 
gous parts. One organ or part may, 
however, be advancing decidedly while 
another remains stationary. 

6. With the addition of a new potenti¬ 
ality old potentialities may be prevented 
from coming to expression entirely except 
in an unusual environment, or the old 
potentiality may be active in only a 
limited period of the ontogenetic cycle; 
thus recapitulations of ancestral activities 
may be evident either in the embryonic 
or juvenile stage, in the intermediate 
ontogenetic development, or at the very 
end of the ontogenetic cycle. Recapitu¬ 
lations at the end of the ontogenetic de¬ 
velopment are very common in the higher 
plants. These recapitulations often give 
definite indications of relationship. On 
the other hand, the new potentialities 
may also change the character of the 
embryo. 

7. All of the fundamental movements 
which arc responsible for the advance¬ 
ment in complexity of the taxonomic 
system arc orthogenctic, irreversible, and 
mostly determinative and it is for this 
reason that there is a taxonomic system. 

8. In the evolutionary movement there 
is little or no loss of fundamental potenti¬ 
ality acquired by the protoplast, al¬ 
though certain homologous parts of the 
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developing individual may undergo de¬ 
generation; but so-called unit characters 
due to Mendelian hereditary factors are 
often unstable and subject to loss. 

9. In general, phagophytic plants are 
no more simple than the holophytic and 
may evolve into exceedingly complex 
systems as in some of the higher Fungi. 

10. Characters or systems may come to 
apparent stability long before the deter¬ 
minate limit of the system is reached. 

11. The fundamental, progressive move¬ 
ments have given rise to ten progressive 
stages which through destructive elimina¬ 
tion have been reduced to exactly seven 
living subkingdoms or divisions of plants, 
with greater or smaller gaps between them, 
and each higher subkingdom always pos¬ 
sesses all the fundamental potentialities 
of all the stages below it. 

11. The subkingdoms, being easily de¬ 
limited, determine the fundamental limits 
within which classes are recognized. 
These classes are the result of important 
segregative developments. Thus a class 
becomes: “The largest, definitely deter¬ 
minable, apparently monophylctic group 
in a subkingdom.” 

13. The Class is the unit of classification 
in the broadest sense. Classes showing a 
probable relationship arc aggregated into 
Phyla, which arc the largest, recognized 
phylctic groups. Subphyla may also be 
recognized, when the supposed relation¬ 
ship of certain classes is very obscure. 
On the other hand, the Classes arc di¬ 
vided successively into smaller divisions— 
Subclasses (if expedient), Orders, Families, 
Tribes, Genera, Species and the sub¬ 
divisions of these categories. The Species 
may be designated as Linneons containing 
Jordanons or varieties. Beyond these are 
the unit characters depending on unit 
potentialities or genes. Jordanons and 
unit characters must be distinguished 
from fluctuations. Polyploidy and chro¬ 


mosome irregularities are of little im¬ 
portance in taxonomy except in the 
problem of genetic varieties and forms 
and as indicating cytoplasmic disturbances 
brought about by past hybridizations, fail¬ 
ure of reductions, or other abnormal chro¬ 
mosome reactions during karyokinesis. 

14. The orders are to be limited arbi¬ 
trarily and, unless an urgent reason exists, 
arc not to exceed seven in any class, or 
subclass if the class is so divided. 

15. In recognizing families, historical 
development is at present to be the pri¬ 
mary guide, new segregations being made 
only in case of a very complex family 
aggregate. The same principle should 
apply to the segregation of genera and 
species, since the multiplication of names 
because of trivial differences makes the 
system impractical. When much division 
of the older groups seems advisable, the 
segregation can be shown by establishing 
subgroups, as subfamilies, tribes, sub¬ 
genera, etc. 

16. The fact of the accumulation of 
characters and the development of com¬ 
plexity is a guiding principle in taxonomic 
sequence, the simpler systems being taken 
first and the most complex last. Paleon¬ 
tology and ontogeny, when known, in¬ 
dicate, when properly interpreted, the 
proper sequence of the taxonomic series. 
The complexity of the system is to be 
judged by complexity of potentiality in 
the protoplast and not by mere reductions 
or simplifications of special parts expressed 
in the ontogeny. Usually a simplified 
organ represents a more complex reaction 
system than one with a greater multipli¬ 
cation or repetition of parts. The simpler 
protoplasmic units came first and the more 
complex evolved from them. 

17. When two phyletic lines are about 
on a level in their lower members, the one 
evolving to the greater complexity at the 
upper limits is to be taken last. Thus the 
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Ferns precede the Lycopods, Pinales pre¬ 
cede Taxalcs, and the Monocotyls precede 
the Dicotyls. 

18. The details of the taxonomic system 
must change with advancing knowledge, 
but there should be no change necessary 
in the fundamental aspects of the system, 
if it is established on correct evolutionary 
theory. 

19. The rules of nomenclature are to 
be determined by general international 
agreement; such rules should, however, 
not be so arbitrarily binding as to impede 
progress or prevent the correction of 
mistakes committed by the ignorance of 
the past. At present no final dictum 
should be made respecting the larger 
taxonomic groups. 

20. The taxonomic system is to be de¬ 
termined by a direct appeal to the facts 
involved and by the free exercise of the 
reason, without appeal to any authority 
whether of high or low repute. 

2.1. Changes and improvements in tax¬ 
onomy are not to be neglected on the plea 
of inconvenience, and all treaties and sys¬ 
tems not in accord with the latest estab¬ 
lished facts are to be studied only in the 
light of historical development. 

THE TEN FUNDAMENTAL PROGRESSIVE STAGES 
IN THE EVOLUTION OF PLANTS 

If it is assumed that all plants came 
from a common origin and not from a 
number of distinct centers of creation, then 
the first step in the organization of a 
general system of classification according 
to the phylogenetic principle is to make 
an inventory of the accumulation of the 
general fundamental hereditary potentiali¬ 
ties of the protoplast from the lowest to 
the highest types of complexity. Such 
an inventory can, of course, also be made 
in the classification of any single phylum 
or smaller group. The general inventory 
reveals a succession of ten fundamental 


stages or subkingdoms, seven of which 
are definitely represented by known living 
forms. 

I. Archeophyta. The genesis of life or 
the transition of the first living things 
from the nonliving. This is assumed to 
have been the organization of certain types 
of molecules into colloidal particles of a 
peculiar composition or pattern which 
gave to these particles or autogens the 
fundamental and distinctive properties of 
living things. The original autogens were 
holophytic with the following properties 
possessed by all present autogens of living 
organisms. They were autonomous self- 
perpetuating particles which in proper 
conditions and surroundings reproduced 
their own specific composition (assimila¬ 
tion). They had the power of self-di- 
vision, which is a characteristic property 
of all the organized units of higher rank 
in the protoplast as well as of the proto¬ 
plast as a whole. They had the power of 
correlative interaction so that a number 
of the ultimate living units are held to¬ 
gether in a limited or unitary reaction 
field. They had the property or power of 
intermittent mutation by which in iso¬ 
lated cases, a new pattern in one or more 
autogens is produced and after the muta¬ 
tion occurs the mutated autogen continues 
to reproduce only the new form by assimi¬ 
lation indefinitely, in some cases appar¬ 
ently permanently, in others until another 
mutation again brings a change. Aggre¬ 
gations of the simple uniform autogens 
were then the first bionts and these by 
intermittent mutation gave rise to bionts 
of various mixtures of autogens, some of 
which might evolve as parasites or sapro¬ 
phytes. Perhaps some of the disease- 
producing plant and animal filterable 
viruses are of this nature. 

II. Protophyta. The second great pro¬ 
gression and transition to a new condition 
of living things was caused by the organi- 
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zation of the more complex bionts into 
definite protoplasts or cells and this 
marks the beginning of organisms in con¬ 
tradistinction to the primitive bionts. 
The autophytic bacteria represent the 
lowest known stage of unicellular organ¬ 
isms. The organisms of this second stage 
are apparently entirely without sex- 
potentiality and mostly have a very 
primitive type of nucleus, typically not 
limited by a definite nuclear membrane 
and are also mostly without normally 
organized plastids. They evolved to the 
colonial and multicellular condition and 
to a slight degree of differentation. They 
evolved chloro-holophytic, saprophytic, 
and parasitic forms of various types, 
ciliated and nonciliated cells, and two 
chlorophyll types, a large group in which 
the chlorophyll is associated with a blue 
pigment and a small mother group with a 
normal, pure chlorophyll condition, a 
typical nucleus with nuclear membrane, 
and typical chloroplasts. 

III. Nematophyta. The third stage in 
the ascending scale is the evolution of the 
sex potentiality with a well organized 
nucleus and chromosomes, giving rise to 
a new type of heredity (Mendelian hered¬ 
ity) with fertilization and reduction as 
normal phases in the life cycle. Several 
phyletic lines were now segregated, giving 
rise to various types of life cycles, the 
usual ones being the simple haploid sexual 
cycle, the simple diploid sexual cycle, the 
primitive alternation of generations cycle, 
and the peculiar conjugate phase cycle of 
the higher fungi. The lowest forms are 
unicellular and these soon lead up through 
colonial forms, mostly filamentous, to 
multicellular individuals with a consider¬ 
able degree of differentiation. The sex¬ 
ual condition progresses from isogamy 
through various stages to typical hetcro- 
gamy and finally to the condition where 
secondary sexual states and dimorphisms 


in the vegetative tissues regularly precede 
the formation of the hctcro-gamctcs. 
The multicellular plants of this stage are 
mostly hermaphroditic with the uni¬ 
sexual condition frequently appearing in 
the various evolving lines. There arc 
chloro-holophytic, parasitic, and sapro¬ 
phytic groups. 

IV. Protobryophyta. There is an enor¬ 
mous break or hiatus between the living 
Nematophyta and the next higher stage 
of living plants, the Bryophyta. This 
break must represent a subkingdom of 
plants intermediate between the lower 
green Algae and the present lowest Bryo- 
phytes, but no such plants are known, 
either living or fossil. During the pro¬ 
gression of this interval a new type of 
typical green plant was evolved which 
had a typical antithetic alternation of 
generations life cycle with independent 
gametophyte and parasitic sporophyte and 
with characteristic multicellular ovaries 
and spermaries. This typical antithetic 
alternation of generations life cycle is 
characteristic of all the higher plants and, 
along with other prominent character¬ 
istics, indicates that the Metathallophyta 
had a monophyletic origin out of the 
Thallophyta. 

V. Bryophyta. As stated, these plants 
have a typical antithetic alternation of 
generations. The sporophyte is com¬ 
pletely parasitic, one-phased, unbranched, 
and determinate in growth, the terminal 
bud being destroyed in the reproductive 
process. The gametophyte evolves in 
various ways, but shows two distinct 
stages of progression. In the lower type 
the archegonia are completely superficial 
organs, while in the highest QAntboccros) 
the venter of the archegonium is organized 
from thallus tissue below the epidermis. 
This condition is characteristic of all the 
lower Pteridophyta. The sporophyte 
evolves from a spherical sporangium dcvcl- 
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oped inside of the archcgonium venter to 
a much more elaborate structure contain¬ 
ing a foot, seta, hypophysis, with stomata 
and chlorcnchyma, and sporangium. The 
spore tissue of the sporangium also shows 
a progression from the condition in which 
the entire center is sporogenous to a con¬ 
dition in which there is a completely 
sterile central columella. In various 
minor phylctic lines there is a progressive 
transition of the gametophyte from the 
hermaphroditic to the unisexual condition. 

VI. Protopteridophyta . There is a 
prominent hiatus between the living 
Bryophyta and Pteridophyta. A few fos¬ 
sils have been found which apparently 
belong definitely to this gap. The fossil 
plants like Rhynia , Homea , and Psilophyton 
were typical transition forms. The sporo- 
phyte had developed prominent long- 
continued vegetative growth and dichoto¬ 
mous branching but had not evolved 
definite roots and leaves. It had con¬ 
tinued the terminal caulinc sporangia 
characteristic of the Bryophytes. The 
fossils so far discovered apparently all 
.belong to the Lycopod alliance. 

VII. Pteridophyta Homosporab. Pass¬ 
ing from the Bryophyta to the living 
Pteridophyta a number of very important 
fundamental potentialities are added to 
the reaction system. There is a change 
from a determinate to an indeterminate 
sporophyte and from a permanently para¬ 
sitic condition to a parasitic phase con¬ 
tinuing only through the juvenile period. 
In other words, there is a two-phased 
sporophyte. The reproductive process is 
shifted from the central or stem axis to an 
appendage (the leaf). Reproduction docs 
not bring on death but the sporophyte con¬ 
tinues to grow indefinitely through any 
number of reproductive periods. The game¬ 
tophyte has a strong tendency to become 
small and short-lived. The archcgonium 
has a short neck and its venter is imbedded 


in the tissue of the thallus. There is a 
progression from a typically hermaphrodi¬ 
tic condition to uniscxuality at the high¬ 
est levels. A definite branching system is 
usually evolved in the sporophyte, and is 
either dichotomous or monopodial. A 
well-developed vascular system has been 
evolved, with a cambium layer in the fern- 
horsetail alliance and from this condition 
there is a progression to closed, scattered 
vascular bundles. Some phyla develop 
flowers (determinate, sporophyll-bearing 
shoots) and some continue in the flower- 
less condition. The sporophyte has de¬ 
veloped roots and leaves of some sort. In 
the progression through this subkingdom, 
there is also a strong tendency to differ¬ 
entiate sporophylls from foliage leaves in 
the higher levels. 

VIII. Pteridophyta Heterosporae. 
The most remarkable addition to the 
fundamental hereditary potentialities at 
this level is the shifting of the time of 
sex-determination from the ontogeny of 
the gametophyte to the sporophyte. In 
the lowest levels the determination takes 
place near the very end of the ontogenetic 
development of the sporophyte. Such a 
movement was, of course, already fore¬ 
shadowed in the homosporous level. This 
shifting of the time of sex determination 
results in heterospory and highly dimor¬ 
phic unisexual garnetophytes. There is 
no such extreme sexual dimorphism be¬ 
tween male and female individuals in any 
group of organisms as in the heterosporous 
plants. The gametophytes are much re¬ 
duced, short-lived, and dependent on the 
parent sporophytes for their food supply. 
As in the homosporous level, some have 
flowers and some are flowerless. The 
leaves in the highest species are at least 
always of three types, foliage leaves, 
megasporophylls, and microsporophylls. 

IX. Gymnospermab. Plants evolving 
to this level have added a large number of 
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new fundamental potentialities to the 
complement already acquired by the cell 
in its phylogenetic progression. The 
gametophytes are completely parasitic, 
the male gametophyte (pollen grain) be¬ 
coming a two-phased parasite through 
the evolution of the pollen tube. The 
sporophyte is not only two-phased in its 
development but a resting phase is inter¬ 
calated between the parasitic and inde¬ 
pendent phases. Along with the complete 
parasitism of the female gametophyte has 
come the evolution of the seed which is an 
elaborated megasporangium. Most of the 
phylctic lines have evolved flowers but 
several flowerless members are still con¬ 
tinued, as in the living Ginkgo and in the 
carpellate plants of Cycas. In the highest 
types the inflorescence is well developed 
and the flower is reduced to the extreme 
limit. There arc various progressive ad¬ 
vances in certain phyletic lines which 
attain the same level as the corresponding 
structures in the Angiospcrms, the three- 
celled male gametophyte for example. 

X. Angiospermae. This is the culmi¬ 
nation stage or subkingdom of the plant 
kingdom. The Angiosperms did not have 
their origin in any of the living Gymno- 
sperm groups, but arc a more advanced 
stage coming from the same source as the 
Gymnospcrms, namely the cusporangiate, 
homosporous Ferns. The Bcnncttitalcs, 
which have sometimes been regarded as 
the point of origin for the Angiospcrms, 
cannot be the ancestors because of the 
very peculiar condition of their gynecia. 
The Angiosperms develop their ovularies 
in all the hypogynous groups from the 
megasporophylls themselves. Nor can 
the Caytoniaccae be regarded as in the 
direct ancestral line, for they roll up their 
megasporophylls from the tip while the 
Angiospcrms do so from the midrib. The 
Caytoniaceae and their relatives may be 
members of a great class or even sub¬ 


phylum of primitive Angiospcrms. The 
Angiospcrms have evolved a closed mega- 
sporophyll (carpel) and added a new 
organ, the stigma. They arc all flower¬ 
ing plants and all the higher forms devel¬ 
oped inflorescences, which in rare cases 
were reduced again to a single flower. 
The gametophytes are extremely reduced 
and the female gametophyte usually de¬ 
velops two sexually potential cells in 
addition to the single egg. At the time 
of fertilization of the egg, the two “polar 
nuclei” fuse with the second sperm and 
thus produce by a triple fusion an endo¬ 
sperm or xeniophyte. The pollen tube 
is a much more extensive and efficient 
parasite than in the Gymnosperms. There 
is a consistent evolution of the flower in 
all the phyletic lines and in many cases 
the extreme limit is reached in the cpi- 
gynous condition. The flower progresses 
regularly from the primitive, strobilus- 
likc, apocarpus, choripetalous condition 
to the syncarpous condition and finally to 
a unilocular ovulary, which condition is 
mostly attained at the limits whether the 
flowers evolve cpigyny or remain in the 
original hypogynous state. The transi¬ 
tion region between the vegetative parts 
and the sporophylls shows especially im¬ 
portant evolutionary activities, which 
give rise to peduncles, involucres, gener¬ 
alized perianths and perianths with a 
specialized calyx and corolla. Such struc¬ 
tures, aside* from the peduncle, are but 
slightly evolved in the Homosporous and 
Hctcrosporous Ptcridophytcs and Gymno¬ 
sperms, although a primitive perianth or 
involucre is sometimes present. The plant 
body of the Angiosperms has evolved into 
a great number of special types, many of 
which arc not represented in any of the 
three preceding subkingdoms of vascular 
plants. The annuals arc especially abun¬ 
dant. The flowers and fruits show endless 
developments of complex symmetries, 
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colors, and color patterns. The evolution 
of the zygomorphic flower, which appears 
very rarely in crude form in the Gymno- 
sperms has been attained in many of the 
phyletic lines. This highly evolved com¬ 
plex beauty is very extreme in some lines 
when compared with the simple spirally 
symmetrical beauty of the lower flower 
types found in the Lycopods, Selaginellas, 
Horsetails, Cycads, and Conifers. 

When one makes a summation of all 
these fundamental potentialities enumer¬ 
ated above for the ten successive stages 
and then remembers that there arc many 
more which have not been listed, it be¬ 
comes evident that the protoplast of an 
Angiosperm contains such a great com¬ 
plexity of fundamental potentialities, to 
say nothing of the large number of segre¬ 
gative group potentialities and the host 
of superficial unit factors or genes, that 
the nature of the basis for these properties 
in the protoplasm becomes practically 
incomprehensible. 

THE SEVEN SUBKINGDOMS AND THE CLASSES 
OF LIVING PLANTS 

Of the ten stages or subkingdoms 
enumerated above, seven arc represented 
by the living plants of the present age, 
namely, Protophyta, Nematophyta, Bryo- 
phyta, Pteridophyta Homosporac, Pterido- 
phyta Hcterosporae, Gymnospcrmae, and 
Angiospermae; and with these established 
we arc prepared to segregate the large 
units of classification, namely the classes. 
As stated in the enumeration of principles 
above, a plant class may be defined as the 
largest, definitely determinable, and ap¬ 
parently monophyletic group in a sub¬ 
kingdom. Since the subkingdoms can be 
definitely delimited at least in so far as 
living species arc concerned, the class 
also becomes a very definite unit in devel¬ 
oping the taxonomic system. Each class 


should stand for some prominent and defi¬ 
nite character or group of characters. In 
establishing classes some consideration 
should, however, be given to the practical 
side of the problem. Thus about 50 defi¬ 
nite unit groups or classes can easily be 
recognized and there should not be much 
difference in treatment between different 
taxonomists, provided the present defi¬ 
nition of a class is accepted. 

The segregative characters for the classes 
will be given below in the class synopses 
under each phylum, although as stated 
they arc originally segregated within the 
limits of the several subkingdoms or 
stages. According to a liberal interpre¬ 
tation of the class definition, including 
the living classes and the well-established 
fossil classes, there are 2.9 of these groups 
in the Thallophyta and 1.1 in the Meta- 
thallophyta. These are distributed in the 
ten subkingdom stages as follows: Archeo- 
phyta, none definitely known to exist; 
Protophyta, 5; Nematophyta, 14; Proto- 
bryophyta, none known to exist; Bry- 
ophyta, 5; Protopteridophyta, 1 (fossil); 
Pteridophyta Homosporae, 4; Pterido¬ 
phyta Heterosporae, 4; Gymnospcrmae, 6; 
Angiospermae, 1. 

The classes which show a probable 
relationship are collected into the great 
phyla and of these there are about 15, 
with several recognized sub-phyla which 
some might think should be raised to 
phylum rank. On the other hand, the 
classes are the great units for subdivision 
into smaller and smaller groups, as stated 
in the outline of principles, until the 
species arc reached, which are the general 
unit groups for botanical nomenclature. 
The criteria for these divisions are more 
or less arbitrary, for up to the present 
time no one seems to have been able to 
give the earmarks that would serve for 
a definite treatment. According to the 
writer’s rules of procedure, the number of 
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orders is usually limited to seven or less for 
a class, or a subclass in case subclasses are 
necessary. According to this basis of 
segregation there arc xoo or less well- 
established orders of living and fossil 
plants, or about an average of four per 
class. Many classes, of course, have but 
one or two orders while the most complex 
class, the Dicotylae, has 40 distributed 
among 8 subclasses. The orders now 
recognized as well-established groups in 
the author's system number 94 for the 
Thallophyta and 88 for the Metathal- 
lophyta. In determining the number of 
orders to be established in a complex 


class we have a problem similar to that 
in deciding how many large main branches 
a large elm tree has, for example. Of 
course, there are many more orders of 
named fossil plant remains but most of 
these are still imperfectly known and so 
cannot take their place definitely in the 
system at present. 

The orders may be divided into sub¬ 
orders, if one desires to make a greater 
segregation before the family group is 
reached. Below a synopsis of the great 
phyla is presented and this is followed by 
a synopsis of the classes and subclasses in 
each phylum. 


SYNOPSIS OF THE PLANT PHYLA AND SUB-PHYLA 

I. Plant body unicellular, colonial, or multicellular, frequently filamentous; ovary when present never an 
archegonium; nonsexual plants or with a simple haploid or a simple diploid sexual cycle, sometimes with 
haploid and conjugate phases, the conjugate phase with binuclcate cells; sometimes with an alternation 
of haploid and diploid generations, but then not of the typical antithetic type, the diploid sporophyte 
never having a parasitic existence or proper parasitic phase on the parent gametophyte, but originating 
from a free spore or zygote. (THALLOPHYTA). 

A. Cells typically with poorly differentiated nuclei and chromatophores and with a primitive type of 

nuclear division; motile or nonmotile, with or without chlorophyll, never with a pure chlorophyll- 
green color; reproduction by fission; resting spores or cells commonly present. 

Phylum I. SCHIZOPHYTA. 

B. Cells with well differentiated nuclei and if holophytic usually with definite chloroplasts; with or 

without chlorophyll; plants green or colorless or variously tinted by coloring matter other than 
chlorophyll. 

(A) Unicellular saprophytic plants without chlorophyll, having a plasmodium stage of more or less 

completely fused cells, mostly amoeboid in nature, from which complex sporangium-like rest¬ 
ing bodies arc built up; sexuality primitive; resting spores finally liberating flagellate or amoe¬ 
boid cells. Phylum II. myxophyta. 

(B) Plants not developing a plasmodium, the cells usually covered with a wall during the vegetative 

phase. 

1. Unicellular or filamentous plants containing chlorophyll, either brown and with silicious, 
two-valvcd walls or green with complex chromatophores and the walls not silicified, con¬ 
jugating cells not ciliated, isogamous; with a simple haploid sexual cycle, the reduction 
division probably always in the zygote. Phylum III. zygophyta. 

a. With silicified cell walls and brown coloring matter. Subphylum 1. diatombab. 

b. Not with silicified walls; cells green. Subphylum 1. conjugatae. 

1. Plants not with silicified two-valved walls nor with complex chromatophores; either non¬ 
sexual or isogamous or hetcrogamous; if with a direct conjugation of walled cells or branches 
then without chlorophyll. 

(1) Plants with chlorophyll, or if without chlorophyll, then either without a true mycelium, 
or if a mycelium-like filament is present then with a sexual phase with ciliated, motile 
spermatozoids and stationary eggs. 

a. Antheridium when present not consisting of a globular structure containing sperm- 
bearing filaments. 
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(a) Plants usually green, with chlorophyll or colorless, nearly all producing nonsexual 
zoospores; unicellular, colonial, or multicellular, nonsexual or mostly sexual plants, 
the sexual forms isogamous or heterogamous; nearly all with simple, haploid, 
sexual cycle, but some apparently with a simple, diploid, sexual cycle. 

Phylum IV. gonidiophyta. 

(b) Plants with the chlorophyll usually hidden by a brown, red, or purple pigment, 
always with a multicellular body and sexuality. 

((a)) Mostly marine brown Algae with phycophaein; isogamous or heterogamous 
with ciliated sperms, both gametes usually discharged from the gametan- 
gia; with a simple, diploid, sexual cycle, perhaps some also with a simple, 
haploid sexual cycle, or in the higher forms with two or more types of the 
alternation of generations cycle. Phylum V. phabophyta. 

((b)) Mostly marine red or purple Algae with phyco-erythrin; heterogamous, 
with stationary eggs and nonciliated sperms; apparently normally with an 
alteration of generations. Phylum VI. rhodophyta. 

b. Filamentous, aquatic, green Algae with globular antheridia containing sperm-bearing 
filaments, the sperms being bicilated; nonsexual spores absent; with a simple, diploid, 
sexual cycle, the reduction division apparently taking place in the sexual organs. 

Phylum VII. charophyta. 

(2.) Plants without chlorophyll and with a true, septate or nonseptate mycelium; sexual re¬ 
production without motile sperms; nonsexual reproduction of various types; with a 
simple, haploid, sexual life cycle, or in the higher forms with a modiheation of this 
cycle, in which a binuclcatc or conjugate phase follows the normal haploid phase with 
uninucleate cells. Phylum VIII. mycophyta. 

a. Mycelium ccnocytic; without ascospores or basidiospores. 

Subphylum 1. phycomycbtab. 

b. Mycelium normally not ccnocytic; with ascospores or basidiospores, or apparently 

numerous degenerate forms in which such spores are no longer developed, but which 
are propagated solely by conidia. Subphylum 2.. mycomycetab. 

II. Plant body a solid aggregate; if filamentous, only so in the embryonic or immature condition; ovary a 
typical archacgonium or if much reduced then the plants seed-bearing; always with a typical, antithetic 
alternation of generations in the normal life cycle, the diploid sporophyte being parasitic during its 
entire life or in its embryonic phase on the garaetophyte. (META-THALLOPHYTA). 

A. Without vascular tissue; sporophyte parasitic on the gametophyte during its entire life and determinate 

in growth; homosporous; small plants without roots or true leaves. Phylum IX. bryophyta. 

B. Always with vascular tissue in the sporophyte which becomes an independent plant, after the embryonic 

phase, with roots and leaves except in a few degenerate forms; and always with decidedly indeter¬ 
minate growth of all or part of the axes. 

(A) Sporophyte not seed-producing; sperms breaking out of the antheridium to enter the necks of the 
archegonia directly; homosporous or heterosporous, the sex being determined either in the 
gametophyte or in the sporophyte. 

1. Spermatozoids comparative large and multiciliatc; sporophylls not in cones, or in cones (stro- 
bili or primitive flowers), but then the sporophyte with jointed stems and whorled leaves; 
branching normally monopodial. 

a. Stems not jointed, the leaves usually large and compound and spirally arranged, rarely in 

whorls, sporophylls never in cones, the reproductive axes always indeterminate. 

Phylum X. ptbnophyta. 

b. Stems jointed and fluted, bearing whorled leaves, which in living forms and in most fossil 

forms are much reduced; sporophylls in cones; living species, and many fossil forms 
also, some with determinate vegetative branches. Phylum XI. calamophyta. 

2.. Spermatozoids small, biciliate; leaves of the living species small, covering the continuous stem 
in spirals, or sometimes in opposite arrangement; rarely with a slight internodal development; 
branching of the stem dichotomous, the lowest species all indeterminate; sporophylls usually 
in cones or in the lower forms in zones alternating with the sterile leaves; frequently also 
with determinate vegetative branches; the lowest fossil species with terminal cauline sporan¬ 
gia. Phylum XII. lbpidopkyta. 
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(B) Sporophyte producing seeds, the female gametophyte always parasitic in the megasporangium 
(ovule) during its entire life, the male gametophyte developing a pollen-tube through which 
the sperms are discharged, hence with a two-phased parasitic growth, the first stage in the 
microsporangium, the second in the ovule, or in the higher groups beginning in the tissues of the 
megasporophyll itself (carpel); with a resting stage intercalated between the two phases of the 
sporophyte; always heterosporous, the sex being determined in the sporophyte. 
i. Carpels open, without stigmas or true ovularies, the ovules and seeds naked and the pollen- 
grains (male gametophytes) falling directly into the micropyle; no true endosperm or xenio- 
phyte present. 

a. Sperms so far as known ciliated and motile; ovules with a pollen-chamber; with or without 

flowers; the sporophylls cither being in cones, or in rosettes on indeterminate axes. 

Phylum XIII. cycadophyta. 

b. Sperms without cilia; ovules without pollen-chambers; sporophylls in cones, which may be 

highly specialized or reduced and in the highest types collected into definite inflores¬ 
cences; woody plants, monccious or diccious. Phylum XIV. strobilophyta. 

i. Carpels or the set of carpels closed at maturity, with stigmas and with ovularies enclosing the 
ovules and seeds; pollen-grains falling on the stigma and developing long pollen-tubes; 
flowers well developed, commonly with a perianth, often highly specialized or reduced; 
true endosperm or xeniophyte normally present. Phylum XV. anthophyta. 

SYNOPSES OF THE CLASSES AND SUBCLASSES OF THE SEVERAL PHYLA 
Phylum, SCHIZOPHYTA. About 1,500 species 

I. Cells without chlorophyll, sometimes with bacterio-purpurin; holophytic, saprophytic, or parasitic 

Fungi. 

A. Cells not imbedded in a pscudo-plasmodium; life cycle not with distinct, vegetative and fruiting pe¬ 

riods; not forming a myxomycete-likc fructification, although the cells may be in gelatinous masses. 

schzomycbtae. Bacteria. 

B. Cells in a pscudo-plasmodium; life cycle with two distinct periods, a vegetative period and a fructifi¬ 

cation period, when a myxomycete-like fruiting body is developed with or without a stalk. 

myxoschizomychtab.’ Slime Bacteria. 

II. Cells containing chlorophyll and phycocyanin; Algae usually of a blue-green or brownish color. 

A. Without a definite nuclear membrane and with a low type of chromatophorc. 

cyanophychae. Blue-green Algae. 

B. With nuclear membrane and highly differentiated chromatophores; unicellular or in colonies. 

glaucocystbab. Higher Blue-green Algae 

Phylum, MYXOPHYTA. About 350 species 

I. Without zoospores; the cells not fusing into a typical plasmodium; but simply aggregated; spore mass. 

without a covering. acrasibab. Primitive Slime Molds. 

II. With zoospores containing a single flagellum; plasmodium of completely fused cells. 

myxomycbtab. Slime Molds. 

A. Spores developed superficially upon erect branching sporopho^es, no sporangia being produced. 

Subclass, cbratiomyxbab. 

B. Spores developed within a sporangium-like body with a wall, the sporangia distinct or united into an 

aethalium. Subclass, myxogastbrab. 


Phylum, ZYGOPHYTA. 8,ooo species 

I. Cell walls impregnated with silica, composed of two valves. 

Subphylum and class, diatombab. Diatoms 

II. Cell walls without silica but with abundant development of gelatinous pectose, causing the plants to be 

slimy to the touch. Subphylum and class, conjuoatab. 




0 ^ 

‘^tuwVlo^ 

»hE.TE.RpME.f\AE- 
CE.MTROSPLRMAE 


- « l u—^LMI III 

—GNE.TEAE. 

.PDMFFRfrF 

Pk£- 

^j^^GALAMarjae. 
■f-E.OUISE.TE.AE. 
■SPHENOPMVLLEAE 

•ANTMOCE-RpTAL 

.hlpatical 


* C^SSfis AVfj. 

^ lmicci lolarorcol 0 • , ^ G 0 >»0l 0PliYr °' 'W. 

J ‘ m,ma 



PHYLOGENETIC TAXONOMY OF PLANTS 


M3 


B. Sexual primitive, parasitic or occasionally saprophytic, aquatic or aerial Fungi; or perhaps some 

nonsexual. abchbmycbtab. Primitive Fungi. 

C. Isogamous or heterogamous, sexual Algae or probable derivatives from them, with zoospores. 

1. Unicellular or colonial Algae, usually with one nucleus in each cell, rarely cenocytic, the colonial 
forms not produced by the symmetrical aggregation of free zoospores; vegetative stage non- 
motilc or active; isogamous or heterogamous. chlorococcbab. 

1. Algae consisting of colonies of peculiar form, becoming cenocytic, new colonies being produced by 
the definite arrangement of daughter cells developed in the parent cenocyte; isogamous, aquatic. 

HYDROD1CTTBAB. 

II. Green Algae or aquatic Fungi with a filamentous or massive body and 1, 2., 4, or many cilia on the zoo¬ 
spores and gametes. 

A. Cenocytic; septate or nonseptate, isogamous or heterogamous. 

1. Algae usually pure green in color. 

a. Vegetative body usually septate, consisting of a series of cenocytcs; chloroplasts forming a net, 

rarely in separate plates. siphonocladbab. Lower Tube Algae. 

b. Vegetative body usually nonseptate, with distinct, lenticular, oval, or plate-like chloroplasts. 

siphoneab. Higher Tube Algae. 

1. Filamentous, saprophytic, aquatic Fungi with stationary eggs and uniciliated spermatozoids. 

MONOBLBPHARIDBAB. 

B. Algae having normal vegetative cells with one nucleus, with a conjugation of free-swimming gametes, 

or with motile sperms and stationary eggs. conferveae. Confervas. 

Phylum, PHAEOPHYTA. 1,130 species 

1 . Zoospores, when present, and ciliated gametes with two flagella; if with an alternation of generations, 
then the gametophyte minute. 

A. Gametangia plurilocular; zoospores produced in unilocular sporangia; apparently without an alterna¬ 

tion of generations. phaeosporab. Little Kelps. 

B. Gametangia unilocular or unicellular; zoospores none, or when present produced in unilocular sporangia 

and giving rise to minute male and female gametophytes. 

1. With a simple diploid sexual cycle and without zoospores; gametangia unilocular; eggs large and 
non-motile, but discharged from the oogonium; sperms minute and free-swimming. 

cyclosporab. Rockwccds. 

i. With an alternation of generations; nonsexual zoospores produced in unilocular sporangia and 
giving rise to small male and female gametophytes; gametangia unicellular; sporophyte often 
very large. laminaribab. Giant Kelps. 

II. Nonsexual spores non-motile; sperms with one flagellum; reproductive organs external; with a regular 
alternation of prominent sexual and nonsexual generations. dictyoteab. 

Phylum, RHODOPHYTA. 3,100 species 

I. Nonsexual reproduction by single thallus cells, trichogync imperfectly developed; no pits between the 
thallus cells. . monosporak. 

II. Nonsexual reproduction by tetrasporcs usually developed in groups of four; trichogync well developed; 
cells protoplasmically connected through large pits in the walls. floridbab. 

Phylum, CHAROPHYTA. 160 species 

One class, charbab. Stone worts. 

Phylum, MYCOPHYTA. About 60,000 species 

I. Plants with cenocytic mycelium, without or with transverse septa. 

Subphylum, phycomycbtab. Algal Fungi. 
A. Sexual spores, “zygospores,” produced by the union of the contents of two similar or nearly similar 
conjugating branches of the mycelium, the one branch not penetrating the other; nonsexual spores 
rarely zoospores; saprophytes or animal parasites, a few parasitic on other plants, zyoomycbtab. 
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B. Sexual spores, “oospores," formed by the union of the contents of two conjugating branches of unequal 
size, the smaller usually penetrating the wall of the larger by means of a fertilization tube; non- 
sexual spores either zoospores with one or two cilia or conidia; plant or animal parasites or sapro¬ 
phytes, sometimes aquatic. oomycbtab. 

II. Plants with a septate mycelium, the vegetative cells containing one or two nuclei; normally with a con¬ 
jugate phase in the life cycle. Subphylum, mycomycetab. Higher Fungi. 

A. With ascospores, commonly 8 in an ascus; conjugate phase present, but usually not prominent. Here 
are also included all conidial types whose perfect stages are supposed to be ascomycetous. 

(A) Asci developed after the conjugation of two cells of the mycelium or parthcnogenctically (?); 

occasionally fertilization by means of detached conidia-like spermatia; nonsexual conidia 
usually produced; saprophytes or parasites on plants or animals, with an ordinary mycelium; 
many Lichen-fungi; in many species only the conidial form known, ascomycbtab. Sack Fungi, 
i. Ascus stage known, conidial stage also commonly present. 

(i) Asci not in a definite fruiting body, with a variable number of spores or with a definite 
number. Subclass protoascomycbtab. Lower Sack Fungi, 

(a) Asci with a definite number of spores, in typical cases commonly 4 or 8, the asci collected 
on or in an ascocarp. 

a. Asci arranged at different levels in the fruiting body or fasciculate and surrounded by a 

spherical, cylindrical, pyriform, or shield-like wall which is commonly perforated at 
the top, but sometimes completely closed. 

(a) Asci arranged at different levels in the fruiting body; or the hymenium lining 

cavities; mostly mold-like or tuber-like Fungi. 

Subclass, plbctomycbtab. Little Tuber Fungi. 

(b) Asci in fascicles arising from a common level in a pcrithccium or clcistothecium or 

under a shield-like wall; mostly dark-colored Fungi. 

Subclass, pyrbnomycbtab. Black Fungi. 

b. Asci collected in a flattened, concave, convex, or irregular hymenial layer or the asci 

permanently enclosed; fruiting body (ascoma) a disk-like or cup-like apothccium or at 
first closed and opening at maturity, the hymenial layer sometimes becoming pulveru¬ 
lent; sometimes prominently stalked. Subclass, discomycbtae. Disk Fungi. 

1. Ascus stage not known, the hyphac bearing conidia only, also isolated conidial stages whose 
asci arc known; imperfect Fungi with the conidia superficial or in pycnidia, borne on loose 
innate hyphae. A provisional subclass for conidial forms with uninucleate cells. 

Subclass, dbutbromycbtab. Imperfect Fungi. 

(B) Asci developed after fertilization by means of a trichogync and spermatium, no conidia known, 

but the spermatia sometimes conidium-like; minute Fungi with a peculiar vegetative body para¬ 
sitic on various insects, especially water beetles. laboulbbnibab. Beetle Fungi. 

B. With basidiospores, commonly 4, developed on a basidiura, one prominent stage of the mycelium with 

two nuclei in each cell (conjugate phase) and with clamp connections in some groups; conidia some¬ 
times produced, or spores of various types. 

1. Basidia arising from teliosporcs; often other types of spores also produced; plant parasites, often 
heterecious; conjugate phase often prominently developed. tbliosporab. Brand Fungi. 

1. Basidia produced directly on the vegetative mycelium, no proper teliospores being present, mostly 
saprophytes, but some parasitic, especially on trees; often with massive and very complex fruiting 
bodies; conjugate phase prominently developed, with clamp-connections; terrestrial or epixylous; 
a few Lichen-Fungi. Here are included the most if not all of the sterile mycelia known as mycor- 
rhiza. basidiomycbtab. Basidium Fungi. 

a. Basidia septate transversely or longitudinally, or sometimes merely deeply two-forked; fruiting 

body mostly gelatinous; saprophytes. subclass, protobasidiab. 

b. Basidia nonseptate. 

(a) Basidia on a distinct, membranous hymenium exposed from the beginning or at first covered 
but finally naked, covering gills, pores, spines, or a smooth or wrinkled surface; rarely para¬ 
sitic and without a special fruiting body, the basidia then arising out of the epidermis of the 
host plant. Subclass, hymbnomycbtab. 
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(b) Basidia enclosed within a definite peridium but sometimes exposed at maturity, the spores 
then borne in a more or less deliquescent gleba. Subclass, gastbromycbtab. 

Phylum, BRYOPHYTA. 17,000 species 

I. Gamctophytc with gametangia not imbedded in the thallus tissue; sporophyte not with intercalary growth 

between the sporangium and foot; sporangium not two-valvcd when a central columella is present. 

A. Rhizoids unicellular; mature gamctophytc thalloid or a stcm-likc frond with scales; sporangium with¬ 

out a central columella, without or with elaters. hbpaticab. Liverworts. 

B. Rhizoids multicellular or septate; mature gametophyte not thalloid; nearly always stem-like and 

covered with scales; sporangium nearly always with a central columella, if not, then without elaters. 
1. Gametophyte with a pseudopodium bearing the mature sporophyte; sporangium not with a com¬ 
plete columella, but with a dome-shaped cavity. 

a. Gametophyte gray-green, with two kinds of cells in the scales, narrow ones with chlorophyll 

and large ones without, but commonly with spiral fibril bands; sporangium with an operculum. 

8PHAGNBAB. Bog MoSSCS. 

b. Gamctophytc dark colored, not with two distinct kinds of cells in the scales; sporangium split¬ 

ting into 4 or more valves. schizocarpab. Granite Mosses. 

1. Gametophyte without a pseudopodium; sporangium nearly always with a complete columella, 
usually with an operculum and a well-developed peristome of teeth. odontocarpab. Mosses. 

II. Venter of the archegonium sunken in the body of the gametophyte; rhizoids unicellular; sporophyte with 

prominent intercalary growth between the sporangium and foot; sporangium two-valved, with a cen¬ 
tral columella. anthocbrotab. Hornworts. 

Phylum, PTENOPHYTA. 7,000 species 

I. Sporophyte homosporous; gametophyte usually comparatively large and mostly hermaphroditic except 
in extreme forms. phyllopteridab. Ferns. 

A. Sporangia eusporangiate in origin. Subclass, busporanoiatab. 

B. Sporangia leptosporangiate in origin. Subclass, leptosporangiatab. 

II. Sporophyte hctcrosporous; gametophytes minute, unisexual; leaves not with ligules; sporangia in sori 

inclosed in a modified leaflet (sporocarp) or in modified indusia; leptosporangiate. 

hydroptbridab. Water Ferns. 

III. Sporophyte heterosporous; gametophytes minute, unisexual; leaves with ligules and with sporangia borne 
singly, imbedded on the upper side near the base; eusporangiate. isobtbab. Quill worts. 

Phylum, CALAMOPHYTA. 13 living species 

I. Sporophyte homosporous; gametophytes hermaphroditic or the highest somewhat unisexual. 

A. Leaves not fused into a sheath; sporangia stalked on the upper side of the sporophyll; stem with a 

central, triarch vascular bundle; paleozoic fossils. sphbnophyllbab. 

B. Leaves united into a sheath with teeth; sporophylls shield-shaped, with sack-like sporangia on the 

inner side; stem with a ring of vascular bundles and a central pith which is usually hollow, some 
fossil forms with secondary thickening. bquisbtbab. Horsetails. 

II. Sporophyte somewhat heterosporous; gametophytes unisexual; paleozoic fossils. calamariab. 

Phylum, LEPIDOPHYTA. 800 living species 

I. Sporophyte homosporous; leaves when present without a ligule; gametophytes usually hermaphroditic. 

A. Sporangia large, terminal, cauline structures; Devonian fossils. acrothbcab. 

B. Sporangia on sporophylls or in the axils of leaves. lycopodibab. Lycopods. 

II. Sporophyte heterosporous; leaves with a ligule, gametophytes unisexual, small. 

sblaginbllbab. Selaginellas. 

A. With increase in thickness of stem by means of a cambium; paleozoic fossil trees. 

Subclass, sigillaribab. 

B. Without increase in thickness of stem; present day herbs. Subclass, busblaginbllbab. 
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Phylum, CYCADOPHYTA. 90 living species 

I. Leaves usually compound; stem an unbranched shaft or with few branches. 

A. Mcgasporophylls only moderately or slightly differentiated from the foliage leaves; leaves fern-like, 

often very much compounded; no cones known; paleozoic fossils. ptbridospbrmab. 

B. Mcgasporophylls (carpels) highly specialized, usually very different from the foliage leaves; at least 

one kind of sporophylls in cones, the cones bisporangiate or monosporangiate; some living and nu¬ 
merous fossil forms. cycadbab. Cycads. 

II. Leaves usually simple or lobed; venation dichotomous or parallel; stems with several or numerous branches 
forming a crown. 

A. Without dwarf branches; leaves usually elongated with parallel veins; fossil trees. cordaitbab. 

B. With thick wart-like dwarf branches and ordinary branches having well-developed internodes: leaves 

fan-shaped, dichotomously veined, sporophylls not in cones, the plant entirely flowerlcss, all 
fossil except one surviving living species. ginkgoab. Maiden-hair-trees. 

Phylum STROBILOPHYTA. 400 living species 

I. No vessels (enlarged tracheids) in the secondary wood; wood frequently with resin ducts or cells; leaves 
mostly spiral, sometimes opposite or whorlcd; cotyledons 2.-15. coniferae. Conifers. 

II. Vessels present in the secondary wood, wood without resin ducts; embryo with 2. cotyledons; reduced 
flowers in specialized inflorescences; leaves opposite or in threes. gnbtbab. Joint-firs. 

Phylum, ANTHOPHYTA. 150,000 species 

I. Stems with closed, usually scattered vascular bundles; embryo usually with one terminal cotyledon and a 
lateral plumule; flowers mostly in threes, all except the lowest types being of the pcntacyclic trimerous 
condition or a modification of this; leaves commonly three-spiral in the lower types and two-ranked in 
the higher. monocotylae. Monocotyls. 

A. Flowers with many to few free carpels, or the carpels united, in which case they arc numerous, or if 

three, two, or apparently one, then the flowers in a spadix, usually with a spathe, or the leaves seg¬ 
mented and fan-like or featherlike; a few with reduced flowers in glomcrules and a few aquatic 
plants extremely modified and without a perianth. 

1. Aquatic or mud plants, or rarely non-green phagophytes, with primitive or highly specialized 
flowers, but not in a typical spadix or dense glomerulcs; hypogynous or epigynous herbs. 

Subclass, HBLOBIAB. 

1. Usually terrestrial plants but sometimes aquatic; trees, shrubs or herbs with segmented leaf-blades, 
or plants with the flowers in spadixes or dense glomcrules, usually with spathes; or minute, free- 
floating plants without leaves and with extremely reduced flowers; hypogynous; choripetalous, 
sympetalous, or apetalous. Subclass, spadicifloras. 

B. Flowers with united carpels, normally pcntacyclic and trimerous or a modification or reduction of this 

type, often covered with glumes and then having a vestigial perianth or none whatever; if trees with 
pcntacyclic trimerous flowers then not in spadixes and the leaf blade not segmented. 

1. Flowers usually reduced, always hypogynous, in spikelets covered with glumes, the ovulary nearly 
always unilocular; leaves narrow and usually elongated; usually with one or all the internodes 
elongated. Subclass, glumiflorab. 

1. Flowers mostly showy and normally pcntacyclic, or of a somewhat modified pcntacyclic, trimerous 
type, rarely covered with glume-like structures, hypogynous or epigynous; trees, shrubs, vines, 
and herbs of many types. Subclass, liliiflorab. 

II. Stems with open vascular bundles usually in a circle, with a cambium cylinder; embryo usually with two 
cotyledons and a terminal plumule; flowers mostly pentamerous or tetramerous, of many diverse types 
from low to high, occasionally trimerous; plants of many diverse habits, trees, shrubs, lianas, perennial 
and annual herbs, and other forms. dicotylab. Dicotyls. 

A. Mostly with hypogynous flowers, occasionally cpigymous. 

1. Mostly choripetalous or apetalous, occasionally sympetalous. 

a. Mostly choripetalous and mostly not with central placentation when the carpels are united. 

Subclass, THALAMIFLORAB. 

b. Typically apetalous, but some choripetalous or sympetalous; mostly with central or basal pla¬ 

centation. Subclass, CBNTRQSPBRMAB. 
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1. Mostly sympetalous, occasionally choripctalous or apetalous. 

a. Flowers pentacyclic or sometimes a reduction from this condition; carpels mostly 5. 

Subclass, HBTBROMBRAB. 

b. Flowers tetracyclic or less; carpels mostly 1, occasionally 3. Subclass, tubiflorab. 

B. Mostly with perigynous or epigynous flowers or with a reduced or primitive perigynous condition. 

1. Mostly perigynous or a reduction from this condition, occasionally epigynous; mostly choripetalous 
or apetalous. 

a. Petals commonly present; flowers usually not in ament-like clusters, hypanthium mostly promi¬ 

nent. Subclass, calyciflorae. 

b. Mostly apetalous; flowers, at least the staminate ones, commonly in aments or ament-like 

clusters; hypanthium mostly inconspicuous or reduced. Subclass, ambntiferab. 

1. Epigynous, with or without a hypanthium; mostly choripetalous or sympetalous, occasionally 
apetalous. 

a. Flowers mostly choripctalous and not in umbels; epigynous hypanthium frequent. 

Subclass, myrtiflorab. 

b. Flowers typically sympetalous, the choripctalous groups mostly with umbels; epigynous hypan¬ 

thium rare; calyx often reduced, or replaced by a specialized pappus; flowers frequently in 


disks or heads. 

THE SEGREGATIVE AND PROGRESSIVE MOVE¬ 
MENTS IN THE ANTHOPHYTA 

The segregation of the Anthophyta into 
classes and subclasses has been given 
above and, since the flowering plants are 
not only the highest but also the most 
numerous in species and by far the most 
important economically, the treatment is 
here continued to the orders and the gen¬ 
eral phylogenetic arrangement is presented 
in figure z. Since the flower is a deter¬ 
minate, sporophyll-bearing shoot and 
since there is a consistent evolution of 
promptness and definiteness of the deter- 
minatencss of the floral axis in all the 
phylctic lines which evolve flowers, the 
results are very evident and give rise to 
the following general, progressive con¬ 
ditions: 1. Hypogynous apocarpous spiral; 
z. Hypogynous apocarpous cyclic; 3. 
Hypogynous syncarpous plurilocular; 4. 
Hypogynous syncarpous unilocular; 5. 
Epigynous plurilocular; 6. Epigynous uni¬ 
locular. These stages represent the con¬ 
sistent orthogcnetic evolution which has 
resulted in the present system of flowers. 
As intimated the evolutionary scries is 
dependent on the promptness of the deter¬ 
mination of the flower axis in relation to 
the time of appearance of the reproductive 


Subclass, INFERAB 

reactions. All the lower types of flowers 
as represented in Equisetum , Lycopods, 
Selaginellas, Cycads, and Araucarians have 
spiral flowers with many free sporophylls, 
and in the Anthophyta the lowest types 
are represented by quite similar, hypo¬ 
gynous, spiral, apocarpous flowers, as in 
Echinodorus , Sagittaria , Magnolia , and 
Ranunculus. 

Since the primitive Angiospermous 
flower has a regular sequence in the devel¬ 
opment of secondary sexual states, various 
hereditary potentialities may evolve 
which have an expansive effect on the 
floral axis in relation to the male or fe¬ 
male state, or in some cases to both states. 
Thus there result finally eight fundamental, 
structural types of flowers, due to the 
evolution of the shortening of the axis 
and the expansions in relation to particu¬ 
lar sexual states. Some of these types 
arc evolved in most of the phyletic lines, 
which makes definition of the various 
subgroups very difficult. There is also 
an evolutionary progression from the 
bisporangiatc flower condition through 
various stages and degrees of monccious- 
ness and dieciousness. These evolution¬ 
ary movements arc especially responsible 
for many of the vestigial stamens and 
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carpels present inmonosporangiatc flowers. 
In many of the higher phyletic lines and 
occasionally in lower ones zygomorphy is 
evolved, which is also responsible for 
very definite orthogenetic series and the 
progressive development of vestiges and 
loss of parts in the flower. 

When it comes to the direct question as 
to which of the two classes of Angio- 
sperms represents the more primitive con¬ 
dition, the answer is that in some respects 
the Monocotyls arc the more primitive 
and in some respects the Dicotyls. The 
Monocotyls have apparently in their more 
generalized forms preserved the primitive 
tree type with little branching ability, as 
in Palms, Dracaenas, Yuccas, Fourcroyas, 
and Ravcnalas. The tree Ferns, and 
Cycads have this general form of plant 
body, and from this type the trees with 
crowns of small branches, like Ginkgoes, 
Araucarias, and Magnolias, have prob¬ 
ably been derived. The Monocotyl em¬ 
bryo with its single terminal embryonic 
leaf (cotyledon) is nearer the primitive 
fcrn‘embryo than the Dicotyl type. The 
Dicotyl embryo evolved in the Cycads, 
lower Conifers, Gnctums, and Dicotyls. 
On the other hand, the ring of open 
vascular bundles of the Cycads, Conifers 
and Dicotyls is apparently a direct de¬ 
scendant of the vascular system of the 
lower Eusporangiatc Ferns. 

The lowest flower types among the 
Monocotyls are found among the Alisma- 
taccac, Cabombaccac and the lower Palma- 
ceae, while the lowest Dicotyl flowers 
arc present in Magnoliaceae, Ranuncu- 
laceae, and Rosaccae. Culmination types 
in the Monocotyls are represented by such 
genera as Zostera , Vallisneria , Typha , Zea, 
Eriocaulon , and Corallorrhi%a, and in the 
Dicotyls by Viola, Monolepis , Casuarina , 
J Quarcus, Salts, Hippuris , Salvia , Ambrosia , 
and Ltontodon. 


In the Angiospcrms, bisporangiatc, cn- 
tomophilous flowers represent the primi¬ 
tive condition, from which the extreme 
types of cntomophilous, anemophilous and 
hydrophilous flowers were evolved. In 
some of the more advanced or extreme 
forms, both in the entomophilous and 
anemophilous series, self-pollination, clcis- 
togamy, and parthenogenesis were then 
evolved as extreme conditions. The lower 
types of flowers are usually conspicuous 
because of their size, while the highest 
arc often very inconspicuous because of 
reduction and crowding in the evolved 
inflorescence, and the loss of the corolla. 
This may, however, be compensated by 
the massing of the minute flowers or the 
development of conspicuous involucres 
around the inflorescence. The apetalous 
Angiospcrms arc not primitive as sug¬ 
gested in the taxonomic systems of Engler 
and Wettstcin. They are practically all 
reduced and syncarpous and have ex¬ 
tremely reduced and specialized floral 
axes. This topsy-turvey sequence of the 
Angiospermous scries has been a fertile 
source in the perpetuation of funda¬ 
mentally wrong notions in regard to the 
evolutionary process and the causes 
through which evolution operates. There 
are several ways of determining com¬ 
parative levels of development as low or 
high, besides the fundamental method of 
making a catalogue of important poten¬ 
tialities. The degree of divergence in 
structure and function of homologous 
parts is usually a good guide, as for ex¬ 
ample, the number of diverse expressions 
of the same organ, as the number of types 
of leaves, the number of types of stems 
on the individual, the degree of divergence 
between the general vegetative axis and 
the floral axis or its peduncle, and the 
degree of divergence between sporophylls 
and foliage leaves. 
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BRIEF SYNOPSES OF THE ORDERS OF THE SUBCLASSES OF ANTHOPHYTA 


HBLOBIAB 


Flowers hypogynous or somewhat perigynous, or a few epigynous; carpels free or united, spiral or cyclic. 

A. Plants normal, with chlorophyll. 

1. Hypocotylary expansion, if present, not lobed or only slightly notched; ovules usually anatropous 
or campylotropous; leaves often narrow, if broad, not peltate and not with a narrow basal sinus 
but sometimes sagittate or deeply cordate; flowers hypogynous. Alismataks. 

1. Hypocotylary expansion parted into two lobes or deeply notched; ovules orthotropous; aerial or 
floating leaves peltate or with a deep basal sinus, or if somewhat sagittate then the carpels nu¬ 
merous and united; hypogynous to epigynous. Nymphacaks. 

B. Small yellowish or reddish phagophytes without chlorophyll; tropical forest plants. Triuridaks. 

Flowers epigynous; carpels united, cyclic; leaves not peltate nor with a deep sinus. Hydrocharitales. 

* 

a 


SPADICIFLORAB 


Inflorescence not a typical spadix except in the higher forms; leaves frequently plicate and more or less, 
split at maturity. 

A. Leaves usually plicate and more or less split. 

1. Carpels free or united, usually 3, forming a unilocular or plurilocular ovulary with one ovule for 
each carpel. Paimaks. 

2.. Carpels united; ovulary unilocular with numerous seeds on 1 or 4 parietal placentae. Cyclanthales. 

B. Leaves linear or sword-shaped, not plicate and not splitting at maturity; flowers monecious, spicate or 

capitate. Pandanales. 

Inflorescence usually a fleshy spadix with or without a spathc; or minute plants without leaves, floating 
free, the flowers few or solitary on the modified stem. Araks. 


GLUMIFLORAB 

Ovulary trilocular to unilocular; ovules solitary in the cavities, orthotropous, pendulous. Rtstionalts. 

Ovulary unilocular, one-ovuled; ovules anatropous, erect or ascending. Graminaks. 

LI LI I FLORAS 

Flowers hypogynous; seeds with endosperm. Liltales. 

Flowers partly or completely epigynous. 

A. Seeds with endosperm. 

1. Flowers mostly actinomorphic or slightly zygomorphic. Iridaks. 

1. Flowers zygomorphic or very irregular. Scitaminaks. 

B. Seeds without apparent endosperm, very numerous and usually minute; flowers mostly zygomorphic, a 

few of the lowest actinomorphic. Orcbidalts. 


THALAMIFLORAE 

Carpels many to one, spiral or cyclic, usually free or only slightly united; stamens usually numerous. 

Rartaks. 

Carpels usually more or less united, cyclic. 

A. Herbs with insectivorous leaves; carpels 6-3. Sarractniales. 

B. Herbs or woody plants with normal leaves, not insectivorous. 

1. Carpels 2. or more, with parietal placentae, perianth, usually with an even number of segments, the 
flowers commonly partially or completely isobilatcral. Brasskaks. 

l. Carpels mostly 5 or 3; stamens mostly 10 or 5, or a reduction from 10, ovules mostly pendulous; 
flowers commonly of the hexacyclic type with one or more cycles represented by glands, or a re¬ 
duction of this type. Geraniaks. 

3. Carpels many to 3, ovules few; stamens indefinite, monadelphous, branched or clustered, or by re¬ 

duction separate and few; sepals valvate. Malvales. 

4. Carpels 1 or more, commonly with parietal placentae; stamens numerous to few; sepals and petals 

usually $, sepals imbricated or convolute. Violaks. 
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CBNTROSPBRMAB 


I. Perianth present, consisting of a calyx and corolla, or of a calyx only. 

A. Fruit not an achene or rarely so. 

i. Corolla usually choripetalous or none. 

a. Embryo straight; fruit a capsule. 

b. Embryo curved, coiled or annular. 

(a) Fruit a capsule, berry, or anthocarp; calyx present; corolla present or absent. 

(b) Fruit a utricle; calyx present; corolla usually none. 

i. Corolla mostly sympetalous; fruit fleshy, or a dry capsule, utricle, or achene. 

D. Fruit an achene; embryo straight or nearly so; stipules commonly ocrcac. 

II. Perianth none or vestigial; ovules usually orthotropous. 


Tamar icales. 

Cary ophy Haiti. 
Chenopodiales. 
Primulales. 
Polygonales. 
Piperales. 


HBTBROMBRAB 


I. Stamens mostly free from the corolla, alternate with its lobes or twice as many; seeds usually minute. 

flowers mostly bisporangiate, hypogynous or cpigynous, sometimes choripetalous. Ericales. 

II. Stamens united with the corolla and opposite its lobes or twice as many or more; seeds usually one or few 

in the cavities, usually large; flowers hypogynous or sometimes epigynous, sometimes choripetalous; 

Ebenales. 


TUBIFLORAB 


I. Corolla not scarious, nerved. 

A. Fruit usually a capsule, berry, drupe, or samara; carpels commonly several- to many-seeded, 
i. Corolla regular; stamens usually of the same number as the corolla lobes. 

a. Leaves alternate or opposite; ovularics not separating; carpels 3 or 2.. Polemontales . 

b. Leaves usually opposite; ovularics frequently separating below, with a common style; if not 

separating then usually with 2. cavities or 1 placentae. Gentianales. 

2.. Corolla mostly irregular or oblique, the flowers zygomorphic, fertile stamens commonly fewer than 
the corolla lobes except in the lower species. Scrophularialts. 

B. Fruit indchisccnt but usually splitting and forming 4 nutlets around the style, rarely fleshy; carpels 

i-2.-seeded. Lamiales. 

II. Corolla usually scarious, nerveless; calyx and corolla 4-lobcd. Plantaginales. 


CALYCIFLORAE 

I. Carpels free or united, spiral or cyclic. 

A. Endosperm usually little or none; leaves mostly with stipules; carpels spiral or cyclic, often reduced to 

one, usually free or only slightly united, with a few evident exceptions. Rosales. 

B. Endosperm present and usually copious; leaves usually without stipules; carpels cyclic, free or united, 

sometimes slightly cpigynous. Saxijragales. 

II. Carpels united, cyclic. 

A. Hypanthium tubular or urn-shaped, often constricted above and enclosing the ripe fruit; endosperm 

commonly little or none. Tbymeleales. 

B. Receptacle developing a glandular, annular, or turgid disk which is somewhat united with the perianth 

or ovulary; endosperm present or none. Celastrales. 

C. Disk tumid, united with the perianth, sometimes reduced; endosperm usually none. Sapindales. 

AMBNTIFBRAB 

I. Flowers not in typical aments, often in pendent heads or ament-like spikes or clusters, usually 
monosporangiate. 

A. Leaves alternate or rarely opposite. 

1. Stamens alternate with the petals (when present) or numerous; perianth sometimes none. 

Platan ales. 

1. Stamens commonly 4, opposite the usually 4 sepals. 

a. Calyx not petaloid. Urticales. 

b. Calyx petaloid; stamens usually united with the sepals. Proteales. 

B. Leaves whorled, reduced to scales; ovulary unilocular, with 1 ovules. Casuarinales . 
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II. Flowers, at least the staminate ones, in aments; monosporangiate. 

A. Seeds not with a tuft of hairs; fruit a typical or modified nut; achene, or samara; plants monecious or 

diecious. 

z. Fruit two- or several-seeded; ovules with one integument; diecious trees or shrubs. Balanopsidalts . 
i. Fruit usually one-seeded; monecious or diecious trees or shrubs. Fagalts . 

B. Seeds with a tuft of hairs at one end, several in the capsule; flowers normally diecious, without peri¬ 

anth; trees or shrubs usually with alternate leaves. Saltcalts. 

MYRTIFLORAB 

I. Petals usually numerous, rarely wanting; mostly fleshy, usually prickly and spiny plants with jointed stems 
and reduced leaves, or the stems not jointed but the leaves fleshy. Cactabs . 

II. Petals usually not more than 5 or 6 or often none; trees, shrubs, or herbs not spiny like the preceding; 
calyx segments rarely more than 5 or 6. 

A. Petals usually present, choripetalous, sometimes sympetalous or apetalous. 

1. Flowers mostly bisporangiate; placentae usually axile or apical, rarely basal or parietal. 

Myrtales. 

l. Flowers bisporangiate or monosporangiate; placentae usually parietal; mostly herbs or herbaceous 
vines. Loasales. 

B. Petals usually absent, if present either choripetalous or sympetalous. 

1. Ovulary usually with several cavities, usually 6; herbs or vines, sometimes parasitic. 

Aristolochiales . 

1. Ovulary unilocular; mostly parasitic shrubs or herbs. Santalalts. 

INFBRAB 

I. Anthers separate; trees, shrubs, or herbs. 

A. Corolla choripetalous; flowers usually in umbels or cymes. Umbellales. 

B. Corolla sympetalous, leaves opposite or vcrticillate. Rubiales. 

II. Anthers with few exceptions united; corolla sympetalous, sometimes absent, mostly herbs, rarely shrubs 

or trees. 

A. Flowers not in involucratc heads. Campatiulales . 

B. Flowers in dense involucrate heads; gynecium of 1 or rarely 3 united carpels, unilocular; seed one. 

Compositales . 


THE DIRECT CUMULATIVE SERIES OF POTEN¬ 
TIALITIES FROM THE BACTERIA TO THE 
DANDELION 

An inspection of the two phyletic 
"trees" will indicate that the Composi¬ 
tales have attained the highest position 
in the plant kingdom and in a study of 
this order it becomes evident that the 
common Dandelion ( Leontodon taraxacum 
L. or Taraxacum officinale Weber.) belongs 
to the very highest type. Its direct 
phylogenetic history can then be recon¬ 
structed in a general way by making a 
summation of all the fundamental and 
important potentialities accumulated by 
its protoplast during its long evolutionary 
history. It will be noted that few if 


any of these potentialities arc of the na¬ 
ture of the genes or unit factors with 
which the present science of genetics is 
mainly concerned. These fundamental 
potentialities arc not added in a hap¬ 
hazard way, nor have they been subject 
to loss, at least in the surviving groups, 
during geological history. Genetics as at 
present developed and practiced is, there¬ 
fore, of very little value in the more 
fundamental aspects of taxonomy and 
evolution. Its chief value at present is 
as an aid in the study of varieties within 
the species and the influence and results 
of hybridization between related species. 
With all the known mutations and hy¬ 
bridizations in the closely related group 
of Oenothera species, we still have an 
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ordinary Evening Primrose; with all the 
known mutations and hybridizations of 
Drosophila, we still have the little Fruit 
Fly. We have not made any definite 
progress toward an understanding of how 
these organisms acquired their complex 
complement of fundamental, progressive 
and digressive potentialities which deter¬ 
mine their comparative level in the general 
biological scale or their relation in a 
certain phylum, class, order, and family. 
The most important fundamental heredi¬ 
tary properties of the Dandelion arc as 
follows: 

1. With the genesis of living things or 
bionts there came into existence autogens 
possessing the power of assimilation or 
self-perpetuation. 

l. The potentiality of self-division, 
with the two daughter particles retaining 
all the original potentialities. 

3. The power of mutation, through 
which from time to time an individual 
autogen is changed to a new pattern with 
new potentialities. 

4. Autogens of two or more kinds with 
the power of correlative interaction and a 
number of these ultimate living units 
held together in a unitary reaction field. 

5. The simplest unicellular condition 
consisting of a definitely organized reac¬ 
tion system or protoplast. Practically all 
organisms up to the highest plants and 
animals exist as separate cells in one or 
more stages of their life cycle. 

6. The ordinary physiological proper¬ 
ties or potentialities as absorption, respi¬ 
ration, mobility, etc. 

7. Division of the organized proto¬ 
plasmic units or protoplasts and their 
cell organs, resulting in a perpetuation 
of the complex system as a whole after 
division. 

8. Property or potentiality to deposit 
cellulose, etc. in or on the cell wall. 

9. The introduction of a more complex 


system of the protoplasm with highly 
organized nucleus, with nuclear mem¬ 
brane, chromosomes, etc. 

10. Development of a chloroplast with 
chlorophyll. 

11. Potentiality for karyokinesis of the 
higher type during cell division; with 
formation of a special cell wall between 
the daughter cells and final separation. 

11. Process of photosynthesis with the 
usual formation of sugar, starch, etc., 
which is not lost in the main series. 

13. Potentiality of sexuality with ap¬ 
pearance of primary sexual states giving 
the property of attraction and fusion be¬ 
tween isogamous gametes, the cells from 
time to time being in any of the three 
states,—female, male, neuter. 

14. The reduction division phase with 
synapsis of chromosomes. The sequences 
of reduction, fertilization, and the in¬ 
dividual give rise to various types of 
life cycles. (There is a partial inhibition 
of synapsis in the Dandelion.) 

15. Mcndclian heredity as a result of 
fertilization and meiosis and exhibition 
of dominance and rcccssiveness in the 
diploid phase. (Because of diploid par¬ 
thenogenesis, no segregation of Mendelian 
factors usually takes place in the Dande¬ 
lion.) 

16. Multicellular condition, at first 
colonial, and a restriction of separation 
of cells; in the main scries developing a 
linear aggregate. 

17. Attainment of heterogamy. 

18. Normal, higher type of heterogamy 
with extremely dimorphic gametes. 

19. Differentiation system depending on 
physiological gradients in the multicellu¬ 
lar body and a complexity of major and 
minor hereditary potentialities, not all 
of which are expressed at a given time or 
in a given cell. 

10. Secondary sexual states in the 
gametophyte. 
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2.1. Retention of the egg in the ovary. 40. Shifting of spore production to the 


ii. Progression from a linear aggregate 
to a solid aggregate, the filamentous con¬ 
dition being confined to the juvenile 
phase of the gametophyte. In the higher 
plants the filamentous condition is 
eliminated. 

13. Evolution of an epidermis and dis¬ 
tinct internal tissues. 

14. Typical antithetic alternation of 
generations life cycle established with the 
twelve antithetic stages. 

15. Completely parasitic, enclosed 
sporophyte. 

16. Two-phased sporophyte, the juve¬ 
nile enclosed and the mature exposed 
condition. 

17. Transpiration established in the 
sporophyte, with stomata. 

18. Two-phased sporophyte with para¬ 
sitic and completely independent phases. 

19. Indeterminate growth of sporo¬ 
phyte; reproduction not followed by 
immediate death. 

30. Negative geotropism of the stem 
bud. 

31. Central vascular strand evolved. 
This is shown in the embryo of the higher 
plants as the plerome. 

31. Sinking of the archegonium venter 
into the tissues of the gametophyte. 

33. The normal vascular system, in the 
main line with pith on the inside and 
cortex on the outside. 

34. Highly evolved cambium system 
with secondary growth in thickness. 

33. Production of lateral stem ap¬ 
pendages or leaves. 

36. Roots, originating at first as lateral 
organs and later as basal organs of the 
embryo. 

37. Geotropism of roots. 

38. Spiral arrangement of the lateral 
appendages or leaves. 

39. Phototropism and decided dorsi- 
vcntrality of the leaves. 


leaves. 

41. Monopodial branching of the sporo¬ 
phyte and axillary bud development. 

41. Dimorphism between sporophylls 
and foliage leaves. 

43. Shifting of time of sex determina¬ 
tion from the gametophyte to the 
sporophyte. 

44. In consequence of secondary sexual 
states in the sporophyte, dimorphic spor¬ 
angia and spores produced, microspores 
and megaspores. 

45. Unisexual gametophytes. 

46. Decided reduction in size of game¬ 
tophytes, namely more prompt deter¬ 
mination. 

47. Determinate reproductive axis of 
the sporophyte or flower potentiality. 

48. Megaspore and microspore retained 
and germinating in the sporangia. 

49. In consequence of spore retention, 
parasitic gametophytes. 

50. Pollination process established. 

51. Acquisition of a two-phased male 
gametophyte with development of the 
parasitic pollen tube. 

51. Ovules or megasporangia with 
integuments. 

53. Resting stage of embryo interca¬ 
lated between the parasitic and inde¬ 
pendent phases of the sporophyte, result¬ 
ing in seed dormancy. 

54. Abscission of fruit or seed. 

55. Sprouting of seed with complex 
reactions added at this phase. 

56. Development of peduncle below 
flower. 

57. Extreme differentiation of tissues of 
carpel and stamen from leaf tissue. 

58. Closing of the carpellatc leaf, pro¬ 
ducing an ovulary. 

59. Development of a stigma. 

60. Limitation of the growth of the 
gametophytes to an 8-celled female and a 
3-celled male condition. 
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61. Preparation for triple fusion. (This 
is not completed in the Dandelion because 
of interference of new factors in the sexual- 
ization process.) 

61. Triploid endosperm or xeniophyte. 
(Absent in Dandelion, because of failure 
of triple fusion.) 

63. Perianth developed. 

64. Change from spiral to cyclic con¬ 
dition of floral parts. 

65. Anatropous condition of ovule from 
original orthotropous condition which 
is still repeated in the ontogeny. 

66. Branching in the reproductive axis, 
causing an inflorescence. 

67. Internodal development in sporo- 
phyte. 

68. Establishment of a pentamerous 
condition in the flower. 

69. Introduction of dicotyledonous em¬ 
bryo type. 

70. Change to netted-veined condition 
of leaf from the original dichotomous 
condition. 

71. United carpels, only the stigmas 
distinct. 

71. Advanced determinate condition of 
the floral axis resulting in epigyny. 

73. Sympetalous condition, from free 
petals, still represented by the vestigial 
corolla lobes. 

74. Stamen characters very extreme, the 
anthers sagittate. 

75. Union of stamen filaments with 
the corolla. 

76. United anthers or synantherous 
condition. 

77. Zygomorphy of corolla with split 
strap-shaped condition. 

78. Change in internodal development, 
resulting in one elongated internode or 
scape which in favorable conditions may 
be over 2. feet long. 

79. Rosette condition of leaves. 

80. Disk or head evolved, or extremely 
determinate inflorescence axis. 


81. Special bracts of the involucre. 

81. Suppression of the leaf bracts sub¬ 
tending the individual flowers. 

83. Unilocular ovulary with one seed. 

84. Reduction of stigmas to two. 

85. Coiling of stigmas. 

86. Pappus development, replacing the 
calyx. 

87. Greatly reduced flower and pedicel. 

88. Development of complex leaf reac¬ 
tion during the ontogeny. 

89. Lactiferous vessels. 

90. Secretion of latex with bitter 
principle. 

91. Hollow peduncle. 

92. Hollow petiole. 

93. Special root segmentation property. 

94. Special reproductive property of 
roots. 

95. Development of parachute neck at 
top of achene. 

96. Interference with complete sexual- 
ization of chromosomes, inducing im¬ 
perfect synapsis at reduction. 

97. Diploid female gametophyte and 
parthenogenetic development of the 
diploid egg. 

98. Interference with Mendelian hered¬ 
itary transmission because of partheno¬ 
genesis. 

99. Special ribs and projections on the 
achene. 

100. Reflexing of the involucral bracts. 

101. Closing of flower heads in the 
dark and in low temperatures. 

These potentialities are all stowed away 
somewhere in the structure and pattern of 
the individual protoplast of the Dande¬ 
lion. The characteristics enumerated are, 
of course, not always given in the order 
of their probable evolution but with 
intensive study even the approximately 
correct order might be discovered. It 
will be noted that only a few of the later 
potentialities are of such a nature that 
they might possibly be dependent on unit 
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genes for the characters developed. The 
unit gene system is apparently entirely 
inadequate to serve as a basis for funda¬ 
mental taxonomic speculations beyond 
the consideration of the special varietal 
and specific characters, all of which can 
be changed without affecting the general 
taxonomic basis of the species or group 
in question. These fundamental poten¬ 
tialities may be due to a very complex 
pattern of autogens which when once 
evolved is never lost. They certainly can¬ 
not be due to unit genes having a definite 
position in a certain chromosome; other¬ 
wise we would have to assume a stability 
to the chromosome mechanism entirely 
contrary to the observed facts of chromo¬ 
some behavior. 

PHYLOGENETIC SERIES FROM BACTERIA TO 
INDIAN CORN 

Indian Corn QZea mays L.) represents a 
culmination type in the Glumiflorae of 
the Monocotylae. It has, like many 
other culmination types, a number of very 
extreme and bizarre characters. In the 
old classifications still in use the grass 
series has been completely topsy-turvy 
and in consequence taxonomists, evolu¬ 
tionists, and geneticists have developed 
entirely false conceptions and principles 
in relation to this most important group 
of plants. The lowest grasses arc the 
bamboos with large, fleshy fruits and the 
highest arc such types as Tcosinte and 
Indian Corn. The first 67 fundamental 
potentialities enumerated above for the 
Dandelion are also contained in the proto¬ 
plast of Indian Corn, except that there is 
no interference with the normal sexual 
processes. Continuing the series along 
the phylogenetic line of Zea , the accumu¬ 
lation of fundamental, progressive and 
segregative potentialities will be as 
follows: 

68. Evolution of a closed, scattered 


vascular bundle system. This may have 
occurred quite early in the phylogeny of 
the Monocotylae. 

69. Evolution of the trimerous, penta- 
cyclic flower type. 

70. Change to a characteristic, parallel- 
veined leaf from the dichotomous type. 

71. Development of a prominent leaf 
sheath. 

71. Union of the three carpels in the 
flower. 

73. Change from the 3-spiral to the 
i-ranked vegetative leaf condition. 

74. Development of a characteristic 
spikclet in the inflorescence. 

Beginning of the Grass Series with Bamboos , 
Like Ochlandra or TYielocanna 

75. Loss of the outer perianth cycle. 
The condition of the perianth in the lower 
groups of the Sedge Family indicates that 
the original grass perianth was dicyclic. 

76. Addition of a contraction poten¬ 
tiality active in the base of the flower, 
resulting in a two-keeled palet. 

77. Definite establishment in the grass 
series of 6 stamens in the flower and 3 
definite lodicules (inner perianth seg¬ 
ments), resulting in a tetracyclic flower. 

78. Potentiality for a unilocular 
ovulary. 

79. Evolution from fleshy fruit to a nut. 

80. Change from a nut to a caryopsis. 

81. Reduction to 3 stamens, through 
the more prompt determination of the 
floral axis. 

81. Introduction of bilateral condition 
in. the flower, eliminating one lodicule 
and one stigma. 

83. Several flowers in a spikclet to two 
flowers, through more prompt deter¬ 
mination of the spikelet axis. 

84. Evolution of potentiality for annual 
habit. 

85. Potentiality added for development 
of special prop-roots. 
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86. A special type of embryo evolved 
with characteristic scutcllum. 

87. Paired spikelct potentiality added. 

88 . Tribe potentiality producing hya¬ 
line flowering glumes. 

89. Progression of time of sex deter¬ 
mination to produce extreme monccious- 
ncss, with the terminal inflorescence 
staminate and the lateral branches 
carpcllate. 

90. Change from scattered pairs of 
spikclets to spikclcts in rows. 

91. Introduction of husk-producing po¬ 
tentiality, usually in correlation with the 
secondary female state. 

91. Potentiality for long styles or silks. 

93. Development of very long pollen 
tube. 

94. Dimorphism of vegetative stem be¬ 
low the two inflorescences, the internodes 
in the secondary female state being more 
or less flexuous. 

95. Second flower of carpellate spikclet 
reduced to a vestige. 

96. Complete or nearly complete sup¬ 
pression of vestiges of the opposite sporo- 
phylls in the flower. Such vestiges or 
even perfect sporophylls can easily be 
brought back experimentally. 

97. Development of the cob with sup¬ 
pression of branches of the carpcllate 
inflorescence. 

98. Increase in the number of spirals of 
paired spikelets. 

99. Induration of the cob tissues. 

100. Partial equalization of the pedicels 
of stalked and sessile staminate spikclcts. 
This equalization can be eliminated 
through proper control of the sexual 
states. 

101. A highly unstable and mutative 
condition of certain characters, especially 
composition and color of endosperm and 
pericarp. 


PHYLOGENETIC SERIES FROM BACTERIA TO 
DICTYOPHORA 

Dictyophora is one of the most highly 
evolved genera of the gastcromycctous 
Basidiomycctae and below is given a sum¬ 
mation of its phylogenetic history as indi¬ 
cated by a summation of the more important 
fundamental potentialities. The species 
employed is Dictyofhora phalloidca Dcsv. 
This is a most remarkable tropical plant 
and has been called a *‘fantastic fungus 
flower.’* It has a vile odor in strong 
contrast to its fairy-like beauty of form, 
its main ornament being a long, white, 
bell-shaped, netted and lace-like append¬ 
age, or veil looking like a lace petticoat 
or crinoline. Unfortunately a lack of 
ontogenetic investigations on this and 
related species makes some of the state¬ 
ments uncertain. However, the general 
nature of the enumerated potentialities 
is correct. 

The higher Fungi may be derived 
phylogenetically from holophytic, chloro¬ 
phyll-less Protophyta, or what is more 
probable from the lower green Algae 
belonging to the Gonidiophyta. If we 
take this latter view the first sixteen 
potentialities will be the same as in the 
list given for the Dandelion and a loss of 
chlorophyll and chlorophyll-producing 
bodies is assumed. 

17. Potentiality for the establishment 
of an original, simple, haploid sexual life 
cycle. 

18. Loss of chlorophyll through devel¬ 
opment of new potentialities to carry on 
the nutritive functions. 

19. Evolution of potentiality for sap- 
rophytism. 

10. Change in the nature of the fila¬ 
ment to a typical septate mycelium. 

11. Change from free naked gametes 
to copulation between walled cells. 
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2.2.. Potentiality for developing basidia 
with four basidiospores. 

13. Introduction of a potentiality which 
produces an incomplete primary scxual- 
ization of the gamete nuclei causing a 
delay in their fusion. 

24. Establishment of a binucleate or 
conjugate phase in the life cycle through 
a number of vegetative divisions of the 
conjugate nuclei before their final fusion. 

15. Development of clamp connections 
in the process of conjugate divisions. 
The clamp connections arc to be inter¬ 
preted as due to secondary sexual states 
arising in the respective fields of influence 
of the plus (+) and minus (— ) conjugate 
nuclei at the time of each division. 

2.6. The potentiality which gives the 
saprophytic, vegetative mycelium a re¬ 
action to grow in a subterranean habitat. 

iy. The potentiality causing rhizo- 
morph development in the mycelium. 

2.8. The potentiality which causes a 
compact, egg-shaped fruiting body. 

2.9. Complete progressive evolution of 
the time of incomplete primary sexuali- 
•zation of the conjugate nuclei to the first 
two nuclei of the germinating basidio- 
sporc and consequent elimination of copu¬ 
lation of walled gamete cells. Many of 
the Gasteromycetac apparently have this 
type of life cycle. 

30. Development of a tough outer 
peridium. 

31. Evolution of the potentiality for 
the development of a volva gel between 
the peridium and the separation layer. 

31. Differentiation of a separation layer 
or zone between the glcba and the inner 
gelatinous layer of the volva. 

33. Potentiality for the differentiation 
of the gelatinous gleba. 

34. Potentiality for the differentiation 
of the reticulate pileus or cap. 

35. Potentiality for differentiating a 
long, elastically expanding stipe, which 


breaks through the peridium and carries 
up the pileus and gelatinous gleba and 
the campanulate appendage or veil. 

36. Potentiality for the polarity of the 
fruiting body. 

37. Potentiality for differentiation of 
the bell-shaped, netted and lace-like, 
white appendage or veil. 

38. Potentiality for dissolving the my¬ 
celium of the gleba into a green gelatinous 
mass. 

39. Potentiality responsible for the 
shape and character of the basidiospores. 

40. Potentiality causing the vile odor 
of the expanded fruiting body. 

If the phylogenetic development is con¬ 
sidered to be more direct with no ancestral 
chlorophyll-bearing stage, the tenth, 
twelfth, and eighteenth stages of the 
foregoing summation of fundamental po¬ 
tentialities evolved in the phylogeny will, 
of course, be omitted. 

PHYLOGENETIC SERIES FROM BACTERIA TO 
SPIROGYRA REFLEXA 

Spirogyra reflexa Transeau is one of the 
higher members of the Conjugatae and 
shows a much simpler differentiation 
system and life cycle than Dictyophora. 
The first sixteen potentialities arc the 
same as in Dictyophora and in the Dande¬ 
lion. These are followed by the progres¬ 
sive addition of fundamental properties 
as given below: 

17. Attainment of a slight hetcrogamy, 
the one gamete being stationary and the 
other motile through the conjugation 
tube. 

18. Complexity of the chloroplast 
pattern. 

19. Development of pyrenoids. 

10. Evolution of conjugation tube, the 
gametes never being discharged into the 
surrounding medium. 

11. Unisexuality of the filaments, which 
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arc slightly differentiated as female (+) 
and male (—). 

n. Slight development of secondary 
sexual states, as shown by the difference 
between the conjugating protuberances to 
form the tube. 

13. Shape and character of the zygo¬ 
spore and its wall. 

14. Degeneration of three of the four 
reduction nuclei in the zygospore. 

15. Development of aplanospores. 

16. Specialization of certain cells which 
do not conjugate, indicating a slight dif¬ 
ferentiation into vegetative and repro¬ 
ductive cells. 

According to the same method of 
analysis, one of the higher mosses has 
17 fundamental potentialities in common 
with Indian Corn and Dandelion while an 
ordinary Bacterium has but 8 as compared 
with 16 for Spirogyra and Dictyophora. 

The four examples given of phylo¬ 
genetic accumulation of fundamental po¬ 
tentialities will show how each phyletic 
line with its groups of genera and species 
has evolved cells of greater or less com¬ 
plexity of reaction and that in general 
the greater the complement of fundamental 
hereditary potentialities possessed by a 


cell the higher the group of which it is 
the unit. By a careful study of the whole 
taxonomic system a much more perfect 
order of phylogenetic scries can be devel¬ 
oped and this should be done for all the 
main series. 

In conclusion it must be emphasized 
that the whole taxonomic system has 
evolved through additions, step by step, 
of potentialities which when once estab¬ 
lished attain a profound stability, that 
many of the evolutionary movements 
have very definite limits, and that the 
segregative potentialities which give rise 
to phylum, class, order, family and genus 
limits also establish a series of continu¬ 
ously narrower and narrower bounds 
within which changes may take place, 
until finally no more changes are possible 
except in the minute potentialities or 
genes. Such changes of or in the genes 
of the geneticist take place also within 
the narrow group limits and do not to 
any extent interfere with or influence the 
activity of the fundamental potentialities 
already evolved. If they did we would 
not have the remarkably orderly taxo¬ 
nomic system or cosmos presented by the 
plant kingdom but a taxonomic chaos. 
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THE PRIMARY FOOD SUPPLY OF THE SEA 

By WINFRED EMORY ALLEN 
Scripps Institution of Oceanography of the University of California 


INTRODUCTION 

I T has been just forty-one years since 
the classic monograph Salpa by Brooks 
was published as the second Memoir 
from the Biological Laboratory of Johns 
Hopkins University (Brooks, 1893). Like 
many another publication, this memoir 
contained much valuable discussion of a 
kind not suggested by its title. On page 
147, in the chapter devoted to “Salpa in 
its relation to the evolution of life,** is a 
section heading “The primary food- 
supply*’ which I have adopted as a title 
for this paper, deeming it appropriate 
because the primary food supply of Salpa 
is also fundamental to the existence of 
other marine animals. (See also Brooks, 
1894.) 

Like many other oceanic observers, 
Brooks was deeply impressed by the scant 
visibility of the multitudinous life in 
the sea, by the extreme prominence of 
predaceous animals, and by the obscurity 
of the basic materials necessary for their 
support. Contrasting the ocean with the 
land he says: “Our picture of the ocean 
is an empty waste, stretching on and on 
with no break in the monotony, except, 
at long intervals, a floating tuft of sar- 
gassum, or a flying fish, or a wandering 
sea-bird, and we never think of the ocean 
as the home of vegetable life.’* Referring 
to the vast numbers of animals in the 
open sea he says: 

Herring swarm like locusts, and a herring bank is 
almost a solid wall. In 1879 three hundred thousand 
river herring were landed in a single haul of the seine 
in Albemarle Sound; but the herrings are also car¬ 
nivorous, each one consuming myriads of copepods 


every day. In spite of this destruction and the 
ravages of armies of medusae and siphonophores and 
pteropods, the fertility of the copepods is so great 
that they arc abundant in all parts of the ocean, and 
they are met with in numbers which exceed our pow¬ 
ers of comprehension. 

Continuing, he says: “Insatiable rapac¬ 
ity must end in extermination unless 
there is some unfailing supply and as we 
find no visible supply in the water of the 
ocean we must seek it with a microscope.” 

Although seeming to us an early ob¬ 
server, Brooks was not the first to at¬ 
tempt to express his amazement at the 
boundless extent of animal populations 
of the sea or his interest in the more 
amazing provision for their sustenance. 
In his little book The Ocean published in 
London in 1846 Gosse (p. 153) says that 
in describing the “green water” of thou¬ 
sands of square miles of Arctic seas 
Scoresby “computes that within the 
compass of two square miles, supposing 
these animalcules to extend to the depth 
of two hundred and fifty fathoms, there 
would be congregated a number which 
eighty thousand persons, counting inces¬ 
santly from the Creation until now, would 
not have enumerated.” In their account 
of the Zoology of the world voyage of 
“La Bonite,” Eydoux and Souleyet (1851, 
p. 84) say (free translation): “The ptero¬ 
pods are represented in all seas and all 
latitudes; indeed we find these mollusks 
from regions under the equator to the 
midst of the ice of polar seas: certain 
species are even so abundant in the north¬ 
ern seas as to form, according to some 
voyagers, the usual food of the whale.” 
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A strikingly similar statement concerning 
pteropods is made by Thompson (1877, 
v. i, p. 115). In 1881 Moseley, one of 
the naturalists of the Challenger expedi¬ 
tion told the meeting of the British Asso¬ 
ciation for the Advancement of Science 
that: 

Pelagic life then includes the inhabitants of the 
whole ocean waters, excluding those belonging to 
the bottoms and shores; that is to say the inhabitants 
of an area equal to nearly three fourths of the surface 
of the globe.In point of numbers pelagic ani¬ 

mals probably far exceed all others existing. The 
extraordinary abundance of life, as seen at the sur¬ 
face of the ocean under certain circumstances, when 
the water is often discolored for miles and its strata 
absolutely filled with small animals, has often been 
described by voyagers, but can never be fully realised 

till it is actually witnessed.The existence of 

pelagic animals at all is directly dependent on that of 
pelagic plants. 

In 1881, in a lecture delivered at the Na¬ 
tional Fishery Exhibition, Norwich, Eng¬ 
land, Huxley (1901, p. 490) says of herring 
“shoals” having dimensions of sixteen to 
twenty square miles: 

. In these shoals the fish are closely packed 
.... every square mile of such a shoal, supposing 
it to be three fathoms deep, must contain more than 

500,000,000 herrings.It is no uncommon thing 

to find five or six—nay, even ten or twelve—herrings 
in the stomach of a codfish. ( Footnote ) In 1879 rather 
more than 5,000,000 cod, ling, and hake, were taken 
by the Scottish fishermen. Allowing each only two 
herrings a day, these fishes would have consumed 
more than three thousand five hundred millions of 
herrings in a year. 

Ryder (1881, p. 140) says: 

The remarkable fecundity of the Copepoda ex¬ 
plains the extraordinary abundance of the free- 
swimming species upon the high seas, and even bays, 
where vast schools of these crustaceans become, in 
turn, the food of vast schools of herrings, menhaden 

and shad.The prodigious numbers of herrings 

and menhaden is a proof of the abundance of the 
minute pelagic organisms upon which, with scarcely 
a doubt, it may be supposed they subsist. 


In the half century since Moseley, 
Huxley, and Ryder made their pithy com¬ 
ments many other able observers and 
writers have affirmed or expanded the 
material features of their statements. 
The following list contains the names 
of a number of those who have been most 
interesting as well as informative in their 
efforts to describe the abundance of life 
in the sea and to state some of the prob¬ 
lems of its sustenance and maintenance: 
Haeckel (1890), Peck (1894), Herdman 
(1913), Johnstone (1908), Bigelow (1916), 
Gran (1911), Hjort (1912.), Lohmann 
(1911), and Lcbour (1911, 1911, 192.3). 
In vivid portrayal of the boundless extent 
of life in the sea, Bigelow is at least the 
equal of any other writer and the wealth 
of material presented in his Plankton of 
the Offshore Waters of the Gulf of Maine is 
so far superior that his paper stands alone 
in its capacity for conveying to the reader 
an understanding of the eternal pressure 
of the vast populations of the sea to 
extend their bounds. Indeed, it is pos¬ 
sible that Bigelow’s statements as well 
as those of some other writers may be 
misleading to certain readers because of 
this excellence of portrayal of abundance 
of life in the ocean, or fertility of the sea. 
In his wonder at the tremendous extent 
of many marine populations of record, one 
may lose sight of the fact that a shoal 
of herring ten miles long and five miles 
wide (or ten times that size) would occupy 
only a little of the wide reaches of space 
available in the open sea. And, in reality, 
he cannot rightly suppose that even the 
largest schools remain in existence un¬ 
changed throughout the year. In other 
words, it should be remembered that 
oceanic populations do not fill all space 
available in their habitat all of the time. 
For each area closely crowded in the sea, 
there are vastly larger areas with thin or 
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negligible populations at some or all 
seasons of the year. 

In connection with his statements 
which I have quoted and his phrase 
(“primary food supply“) which I have 
undertaken to use. Brooks gives to the 
latter a meaning somewhat more compre¬ 
hensive than that which I prefer. Under 
this designation he includes microscopic 
animals as well as microscopic plants, a 
usage which docs very well for his purpose 
of pointing out that none of the larger 
animals of the sea could possibly exist 
without the presence in abundance of 
microscopic creatures to furnish sus¬ 
tenance for them or their prey. It suits 
my purpose better to confine the usage 
to the microscopic plants equipped with 
chlorophyll and capable of manufacturing 
carbohydrates from raw materials, the 
so-called synthetic organisms. Brooks 
(1893, p. 147) says: 

both observation and deduction force us to recognize 
that the most important clement in the total amount 
of marine life consists of some half-a-dozen types of 
protozoa and unicellular plants, of globigcrina and 
radiolarians, and of trichodesmium, pyrocystis, pro¬ 
tococcus, and the coccosphercs, rhabdospheres and 
diatoms. Modern microscopic research has shown 
that these simple plants and the globigerinac and 
radiolarians which feed upon them, are so abundant 
and prolific that they meet all the demands made upon 
them and supply the food for all the animals of the 
ocean. 

Except for the fact that he names only 
a few groups of microscopic forms it 
might be said that Brooks includes under 
the term “primary food supply" the same 
organisms that arc frequently included 
under the term "microplankton" (the 
microscopic animals and plants afloat or 
adrift). A somewhat longer list of such 
organisms was given by Haeckel (1890, 
p. 2.6) as follows: 

ProtopbyUs 

1. Chromaceae. z. Caicocyteac. 3. Murray- 
cyteae. 4. Diatomeae. $. Xanthcllcac. 6. Dictyo- 
cheae. 7. Peridineae. 


Mttafbytes 

1. Halosphaera. 1. Oscillatoria. 

Protozoa 

1. Infusoria. 1. Thalamorpha. (Foraminifcra.) 
3. Radiolaria. 

Haeckel did not indicate a list with these 
limits. I have simply taken the part 
appropriate to my discussion from his 
general list of plankton forms. This may 
not exactly coincide with that which 
would be selected by another but it serves 
to indicate approximately the limits 
meant by Brooks and it is not far different 
from that recognized by present investi¬ 
gators, some of whom would include 
bacteria and some other plant groups as 
well as certain othc animal groups in 
the microplankton. The naming would 
also be slightly different. 

Although Brooks gives prominent place 
to diatoms in stating his views concerning 
the primary food supply of the sea he is 
much less emphatic than Haeckel and 
others in calling attention to their im¬ 
portance. Haeckel (1890, p. 31, free 
translation) says: “The Arctic Ocean 
often becomes transformed over wide 
areas by enormous quantities of diatoms 
into a thick, dark slime, the “black water" 
which constitutes the feeding ground of 
whales. The ptcropods and Crustacea, 
on which these cetaceans live, feed on the 
diatom slime, the ‘black water* of North 
Pole travelers." Moseley (1879, p. 566) 
says: 

The surface water of the open ocean is full of vege¬ 
table life. Diatoms are to be found with the surface 
net everywhere, and in high northern and southern 
latitudes they abound extremely, so as to color the 
ice with their Mbris , change the tint of the water, 
fill the towing net with slimy masses and cover the 
deep-sea bottom with a silicious deposit of their 
skeletons. 

Hcrdman (1913, p. 312.) says: "the 
plankton which is abundant in most seas 
at nearly all times must be a valuable 
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constituent of the food both of young 
fishes of various kinds and also of adult 
pelagic or migratory fishes such as the 
herring and the mackerel/* He mentions 
two groups as having this characteristic; 
the copepods and the diatoms and goes 
on to say: 

The Copcpoda (being animals) feed upon the 
Diatoms and other allied minute organisms. The 
Diatoms, being plants, are, however, able to nourish 
themselves and build up their bodies from the carbon- 
dioxide and the soluble salts and other substances 
dissolved in sea water. Diatoms are therefore one of 
the producing groups in the sea .... while Copcpoda 
are consumers. 

Johnstone (1908, p. 77) says: “The 
Diatomaceae are above all the most im¬ 
portant organisms in the sea regarded 
from the point of view of their signifi¬ 
cance as the producers of organic sub¬ 
stance. The diatoms are the ‘pastures 
of the sea* and correspond to the ‘grass 
of the fields’ of the land.” In 1911 Bige¬ 
low (192.6, p. 431) observed in Penobscot 
Bay ‘‘noticeably soupy” water several 
miles in extent which contained diatoms 
of a single species, Asterionella jafonica Cl. 
Gran (1930, p. 5) says: . . . These 

enormous quantities of diatoms, without 
doubt, are the most important food for 
the pelagic copepods and indirectly for 
the fish larvae which develop after the 
great spring spawning period/* Phifer 
( 1933 . P- 43 ) says: 

Marine plants are the principal source upon which 
the fauna of the oceans depends for the energy neces¬ 
sary for existence.Undoubtedly the shore algae 

produce organic material forming nutritive substances 
for bacteria which in turn are probably consumed by 
small protozoa. However, the phytoplankton arc 
directly consumed and produce organic food in much 
larger quantities since the areal extent of their dis¬ 
tribution is many times greater than that of the shore 
forms. Of the groups in the phytoplankton, such as 
diatoms, dinoflagellates, algal spores, coccolitho- 
phores, the first mentioned play the major rdle in 
temperate seas. 


Since the testimony of these and many 
other writers agrees with my own obser¬ 
vation that diatoms are the most promi¬ 
nent and the most widely represented of 
any of the components of the floating 
plant populations of the sea I shall con¬ 
sider them as fairly representative of the 
“primary food supply** of the ocean and 
give to them principal attention in the 
following discussion. 

METHODS OF INVESTIGATION 

Inasmuch as the particles of the “pri¬ 
mary food supply” are microscopic, and 
inasmuch as they may be found in only 
one, in many, or in every drop of water 
of hundreds of square miles in extent, or 
at many different depths in hundreds of 
cubic miles of sea water, it may be sup¬ 
posed that the problem of investigation 
is not easy. In general, Brooks’ assertion 
“Our picture of the ocean is an empty 
waste” is more nearly correct so far as 
surface visibility is concerned than my 
numerous quotations to show abundance. 
In order for diatoms to show the “soupy” 
appearance at the surface noted by Bige¬ 
low (an abundance relatively rare in most 
localities) it is necessary for them to be 
present in numbers of some scores, or even 
hundreds, of individual cells to each drop 
of water. If one wishes to obtain definite 
information as to where and when they 
may be found and as to the conditions 
which favor or hinder their occurrence 
he must find some way of taking them 
from the water for accurate observation 
at the same time that he obtains records 
of at least a few of the conditions char¬ 
acterizing the water from which they are 
being taken. Many investigators have 
puzzled over the problem of reliable in¬ 
vestigation of marine plankton (organ¬ 
isms existing afloat or adrift in the sea) 
without wholly satisfactory results (Bige¬ 
low, 1916, pp. 78 and 397) and a volumin- 
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ous literature has been developed deal¬ 
ing with efforts at its solution. A few 
items of history will serve to give the 
trend of these efforts. 

Haeckel (1890, p. 1) credits his teacher, 
Johannes Muller, with being the first 
(in 1845) to ma ke regular use of a fine 
meshed net for capturing small organ¬ 
isms by dragging it through the surface 
water of the sea. Such a method was 
essentially similar to that of catching 
fishes by casting a coarse net into the 
water and dragging it through a school 
of fishes, the only difference being in the 
size and shape of the net and of the 
meshes. Muller used his fine net mainly 
for capturing the echinoderm larvae in 
which he was individually interested but 
both he and his students noticed that 
large numbers of other things were caught 
as well. Although Muller may be said 
to have started the use of systematic 
methods for investigation of the organ¬ 
isms afloat or adrift in the sea (the plank¬ 
ton) it is generally conceded that Hensen 
was the one to give impetus to such usage 
and to give it solid and permanent stand¬ 
ing amongst the sciences. Certainly, 
Hensen (1887, p. 1) was the first to propose 
and use the word “plankton” as a de¬ 
scriptive name for all of the organisms 
which exist afloat or adrift in the sea as 
distinguished from the fishes and other 
organisms characterized by such powers 
of locomotion that they are able to change 
locality irrespective of influences of water 
movements. In according outstanding 
prominence to Hensen’s influence it should 
not be forgotten that his improvements 
in the conduct of plankton investigations 
were introduced at a time when interest 
in all lines of oceanic researches had been 
greatly stimulated by the work of the 
“Challenger” and other expeditions, and 
when a lively interest was developing in 
the productivity of the sea, particularly 
as related to fisheries. 


^5 

Roughly speaking, Hensen conceived 
and developed the idea that over large 
areas of the sea (the North Sea in particu¬ 
lar) the plankton existed in uniform or 
nearly uniform abundance from the sur¬ 
face to the bottom, or at least to a depth 
of two hundred meters. This being true, 
he argued, the productivity of the sea 
could be estimated from samples taken 
by drawing an accurately constructed fine 
net from a designated depth to the surface, 
his theory being that the net would catch 
the organisms in the whole column of 
water beneath an area the size of its inlet. 
Haeckel (1890) immediately, and many 
others afterwards, showed that several of 
Hensen’s assumptions are untenable but 
his methods are still in use to a large 
extent and all authorities agree that he 
performed great service by his courage in 
attempting to obtain useful estimates of 
the abundance of life in the sea. So far 
as diatoms and similar organisms of the 
“primary food supply” are concerned one 
serious objection to Hensen’s method was 
that no tow net was fine enough to pre¬ 
vent great losses of individual species 
and specimens through its meshes. 

Lohmann (1911, 1912.) was especially 
impressed with the escape of the extremely 
small creatures through the plankton net 
and he conducted extensive investigations 
to show their importance and the possi¬ 
bility of catching them in other ways. 
He discovered many new species by ex¬ 
amining the filtering equipment by which 
appendicularians (themselves plankton or¬ 
ganisms) capture their minute prey and 
he used a centrifuge for taking others 
directly from samples of sea water of 
known volume. By using culture meth¬ 
ods similar to those employed for bacteria 
on land E. J. Allen (1919) confirmed 
Lohmann’s showing of inadequacy of 
tow net methods and obtained evidence 
that even the centrifuge did not collect 
all of the smallest organisms in such a 
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way as to make them visible under the 
microscope or available for use in calcu¬ 
lating the grand total of planktonic popu¬ 
lations. Numerous investigators have 
tried using filters of different kinds (in¬ 
cluding sand, paper, and patented devices) 
with degrees of success more or less satis¬ 
factory for researches of definitely limited 
type. Under certain conditions the 
method of merely allowing a measured 
amount of water to stand for a day or 
two in a settling tube after adding a sub¬ 
stance to kill all of the organisms has 
been found to be fairly successful in col¬ 
lecting them at the bottom of the tube. 

In the study of plankton diatoms (the 
outstanding representatives of the photo- 
synthetic “primary food supply* ’ of the 
sea) it seems that modern practice in col¬ 
lecting follows three fairly definite differ¬ 
ent lines. First, the use of the No. 15 
mill silk tow net of very fine mesh (mesh 
openings averaging about 0.05 mm. in 
diameter) which is still favored by some 
on the plea of convenience in spite of the 
known errors of its performance. Second, 
the centrifuging of samples of water ob¬ 
tained by use of closing bottles, by dip¬ 
ping, or by pumping. Probably Gran 
(University of Oslo) is making most ex¬ 
tensive use of this method to-day, al¬ 
though many others employ it to a greater 
or less extent. Third, the use of No. 15 
mill silk for filtering out the diatoms from 
measured quantities of water poured or 
drained through it. The Scripps Insti¬ 
tution of Oceanography has made most 
extensive use of this method, by which 
it has accumulated nearly 2.0,000 catches 
of plankton diatoms since September 1919. 

Quantitative treatment of collected ma¬ 
terial is sometimes volumetric, the volume 
being read directly from centrifuge tubes 
or settling tubes appropriately graduated. 
Less frequently a gravimetric method is 
used, the material being weighed after 


desiccation. Both of these methods have 
the disadvantage of including ddbris or 
unwanted material and they allow no 
opportunity for satisfactory estimates of 
relative abundance of different organisms 
contributing to the mass being handled. 
More commonly the treatment is by some 
form of “census taking.** Typically for 
diatoms, a definite fraction of the catch is 
confined in a Scdgwick-Rafter counting 
cell (Rafter, 1900, p. 67; Whipple, 1914, 
p. 35) which holds exactly one cubic centi¬ 
meter of the fluid. There a part or the 
whole number of the specimens in the 
mount is counted and used for making an 
estimate of the numbers in the total catch. 

MARINE PLANKTON DIATOMS 

In preceding pages I have quoted a 
number of authorities (mostly not diato- 
mists) to support the idea that diatoms of 
pelagic habit are the most widely distrib¬ 
uted in space and time, and most prolific 
of the plant constituents of the “primary 
food supply** of the sea. In addition, it 
may be stated that they have been investi¬ 
gated most extensively and continuously 
of any of these constituents and that the 
information now available which concerns 
the “primary food supply** deals mainly 
with the plankton diatoms. Therefore, 
it is not only appropriate to select dia¬ 
toms as representative but it is also almost 
necessary to do so for practical reasons. 

Diatoms are one-ccllcd plants, mostly 
invisible to the unaided eye except where 
they arc growing in such abundance as to 
make visible slimy masses on wet surfaces 
or in water. There color is usually a 
pleasing shade of brown which shows a 
peculiar richness when many arc massed 
together. This color is caused by “dia- 
tomin** which covers and hides the chloro¬ 
phyll green necessary to photosynthesis. 
They are supposed to be allied to the 
“Green Algae** (Conjugatae) including 
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the pond scums and brook silks. Their 
outstanding characteristic is a rigid sili¬ 
ceous covering fashioned on the fundamen¬ 
tal pattern of a pill box, but so modified in 
many species as to bear little resemblance. 
The best descriptions of the group (Dia- 
tomaccac or Bacillariaceae) are given by 
West (1916, p. 83), Karsten (1918), Lc- 
bour (1930), and Hustedt (1930). Most 
botanical texts tell little about them and 
the encyclopedias are the best references so 
far as ordinary accessibility is concerned. 
Enthusiastic diatomists consider the 
sculptural designs on some of the siliceous 
coats of sedentary diatoms as being 
amongst the most beautiful things in the 
world (Mann, 1930), but these beauties 
are not so evident in most of the plankton 
forms, which have thinner coverings and 
more attenuated shapes. 

Apparently the first record of observa¬ 
tion of a diatom was by Leeuwenhoek in 
1702. or 1703 (Taylor, 192.9, p. 4; Pellctan, 
1891, p. 11). It was a fresh water form 
but planktonic in habit. Seventy years 
later O. F. Muller found another species 
of similar habit, after which records 
began to accumulate with considerable 
regularity. Still, it appears that the re¬ 
lationships of diatoms to other organisms 
attracted relatively little attention until 
after Hensen (1887) stimulated general 
interest in fertility of the sea by his efforts 
to make accurate estimates of the densities 
of the different kinds of plankton popula¬ 
tions occurring together in the ocean. 
Haeckel (1890), Lohmann (1911), Nathan- 
sohn (1906), Hcrdman (1908), and Ostwald 
(1903) were prominent amongst European 
investigators who in the next twenty 
years gave definite attention to plankton 
relationships. Of those who gave particu¬ 
lar attention in that time to the part played 
by diatoms in these relationships the fol¬ 
lowing were notable: E. J. Allen (1919), 
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Cleve (1900), Gran (1911), Ostcnfcld 
(1903), and Schiitt (1896). 

Although handicapped by less favorable 
contact with the sea and by wider separa¬ 
tion of investigators interested in plankton 
researches, American interest was just 
as keen as that in Europe, and American 
activities ran concurrently with those of 
Europe. Indeed there is no evidence that 
any European observer had deeper appreci¬ 
ation of the dependence of life in the sea 
upon the microscopic organisms than is 
expressed by Ryder as early as 1881 (al¬ 
ready quoted in part). Perhaps Ryder, 
Brooks, and Peck may fairly be regarded 
as representing American interest in the 
importance of the smaller marine organisms 
at about the time that Hensen was launch¬ 
ing his investigations. In addition. Peck 
may be considered as a leader in America 
in use of the method of taking small or¬ 
ganisms from measured quantities of sea 
water in an effort to calculate their abun¬ 
dance (Peck and Harrington, 1898). 

However, up to 1919 most of the Ameri¬ 
can work had been devoted to plankton 
animals and relatively little to plankton 
diatoms. In that year the Scripps Institu¬ 
tion of Oceanography of the University of 
California established a scries of investi¬ 
gations, with W. E. Allen in charge, for 
the primary purpose of gathering authentic 
information about seasonal and geograph¬ 
ical occurrence, distribution, and condi¬ 
tions of abundance of plankton diatoms in 
the Eastern Pacific. More recently addi¬ 
tional particular attention has been given 
to diatoms by certain investigators under 
the leadership of Gran at the Friday Harbor 
Marine Station of the University of Wash¬ 
ington (Phifer, 1933) and a considerable 
number of discontinuous studies have been 
made at certain points on the Atlantic 
coast, notably in the Gulf of Maine region 
and localities near Woods Hole (Bigelow, 
1916; Fish, 1915). 
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DIATOM RESEARCHES AT SCRIPPS INSTITUTION 

In 1919, the Institution adopted as stand¬ 
ard for collecting marine plankton dia¬ 
toms the method of dipping from the sea 
a certain quantity of water and draining 
it through a small conical filter made of 
No. 15 silk bolting cloth (W. E. Allen, 
1911). Assuming that there would be 
considerable losses of the smaller speci¬ 
mens through the meshes of 0.05 mm. 
diameter it still appeared that enough 
would be caught to give a fair index of 
abundance, while permitting the collec¬ 
tion to be made quickly, easily, and with 
an accuracy at least as great as the accuracy 
of selecting a sample from the great mass of 
water constituting the ocean. However, 
the most important advantage of such 
simplicity of method is that it can be used 
under almost any conditions, thus insuring 
that a valuable series once begun need not 
be broken on its account, and also en¬ 
couraging the taking of collections by 
reliable persons lacking in skill and train¬ 
ing. Thus it has been possible to keep 
collections going daily at two Southern 
California piers for fourteen years and to 
get series of surface catches at hourly or 
longer intervals from several different 
kinds of ships under full speed at sea. The 
results of these diatom investigations have 
been given in a number of reports by W. E. 
Allen (1911, 192.1, 1913, etc.) and his as¬ 
sistants. At present, it seems to be more 
appropriate to this discussion to confine 
attention to a limited number of selected 
topics than it would be to attempt to sum¬ 
marize the details of these reports. 

THE PROBLEM OF UNIFORM DISTRIBUTION 

One of the strangest phenomena in the 
history of science is the perpetuity of cer¬ 
tain ideas, theories, or assertions after 
they have been shown to be untenable. 
One might suppose that scientific training 


would enable its beneficiaries to avoid this 
trait of humanity in general but there is 
considerable evidence that it does not. 
The history of Hcnsen's (1887) assumption 
that plankton is uniformly distributed in 
sea water over a wide area and to consider¬ 
able depths illustrates this point. Haec¬ 
kel (1890, p. 57) objected to it almost 
immediately. Herdman (1911) noted that 
even when simultaneous tow net catches 
are alike in quantity they may be far dif¬ 
ferent in quality (in the kinds of organisms 
included). Bigelow (1916, p. 78) says 
“even a cursory examination of the zoo¬ 
plankton, if extended over a considerable 
area or through a considerable period of 
time, is certain to reveal wide fluctuations 
in abundance as well as in its quantitative 
composition, both from season to season 
and from place to place.” ( Cf. p. 403.) 
Many other investigators have reached 
similar conclusions, but even to-day there 
are probably considerable numbers of 
people who accept Hensen’s assumption. 
The reason for this attitude may exist in 
the fact that Hensen qualified his assump¬ 
tion by saying that it would apply wher¬ 
ever the conditions of the water itself were 
uniform, a condition which is now known 
to be rarely found even on the surface, 
much less at any given level or at successive 
levels below the surface within the range 
of plankton occurrence. 

Realizing that a part of the difference of 
opinion concerning the validity of Hensen’s 
assumption might be due to experiences 
in different regions and with a view to 
getting a considerable body of evidence 
bearing on the question as related to dia¬ 
toms, as well as for certain other reasons, 
two collecting stations (positions) were 
selected respectively five and ten miles off 
shore from the Scripps Institution pier 
and visited regularly for parts of seven 
summers in the last fourteen years. In 
every year it was found that there were 
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Fig. 1. Graph to Show Relative Abundance in Numbers of Cells at Different Levels below the Sea Surfacb at Station i in 

JUNE-JULY 1917 

Shaded areas in rectangles represent percentage in good condition, unshaded in bad condition 
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Fio. Graph to Show Relative Abundance in Numbers op Cells at Different Levels Below the Sea Surface at 

Station 1 in Junb-July 192.7 

Shaded areas in rectangles represent percentage in good condition, unshaded in bad condition 
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considerable differences in the surface 
catches at the two stations, abundance 
being greater at the five mile station more 
frequently than at the ten mile station, 
although the reverse was true in many 


was lacking not only at the two stations 
but between them and the shore. In 1916 
(W. E. Allen, 1918) and again in 1917 
(W. E. Allen manuscript) series of catches 
at five and ten meter intervals were ob- 
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Fio. 3. Graph to Show Relative Abundance in Numbers of Cells at Different Levels Below the Sea 
Surface at Station i (10 Miles Off Shore) and Station 1 (5 Miles) in Junb-July 192.6 

Large shaded rectangles represent large numbers, smaller less 


cases. Even in 1914 (Sleggs, 19x7, p. 101) tained by the Allen closing bottle at both 
when there was an occurrence of "red stations in which striking differences in 
water” in the area, which persisted for abundance of diatoms appeared at every 
more than a week (showing great stability level, the catches at both stations being 
of conditions), uniformity of abundance taken in the same forenoon at each time. 
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However, in these two instances the dif¬ 
ferences were in abundance rather than in 
constituents, the principal species at both 
stations being Thalassiothrtx fraucnfeldii 
Cl. and Grun. in 1916, and Ntt^schia 
striata Cl. in 1917. The gross features of 
differences in abundance at all levels 
sampled at the two stations are graphically 
indicated in fig. 3 for 1916 (C/. W. E. 
Allen, 1918) and in figs. 1 and 1 for 1917, 
in which the graphs, though smoothed to 
a considerable extent by using decimal 
orders of magnitude to represent the actual 
numbers, show astonishingly greater abun¬ 
dance at certain levels. From this and 
other evidence accumulated by the Scripps 
Institution over a period of thirty years 
it appears certain that uniformity of dis¬ 
tribution of plankton in sea water, either 
horizontally or vertically, is practically 
nonexistent in Southern California wa¬ 
ters at any time, whatever may be the con¬ 
dition in some other oceanic locality. 

SEASONAL DISTRIBUTION 

Bigelow (1916, p. 465) says “Perhaps 
no phenomenon in the natural economy of 
the gulf so arrests attention (certainly 
none is so spectacular) as the sudden ap¬ 
pearance of enormous numbers of diatoms 
in early spring, and their equally sudden 
disappearance from most of its area after a 
brief flowering period. * * Johnstone (1908, 
p. 97) says “May begins a new season. 
The diatoms have hitherto been prominent 
plankton organisms, often to the exclusion 
of everything else, but from now for a few 
months they begin to decrease in numbers. * ’ 
Gran (1930, p. 5) says “It is a characteristic 
feature of the plankton production off the 
coast of Norway that after the dark winter 
months, as soon as the light is sufficient for 
their photosynthesis, there is an enormous 
growth of pelagic diatoms.” Similar 
comments have been made by many other 
observers, mostly from North Atlantic or 


North Sea regions. Since their latitudes 
are higher by distances of a thousand 
miles or more than those of Southern Cali¬ 
fornia the interest of obtaining data for 
comparison was added to that of learning 
the actual facts of seasonal occurrence 
when the Scripps Institution began the 
investigation of plankton diatoms in the 
San Diego region. 

In order to insure that continuity of 
daily collecting throughout the year 
should not be broken, piers were selected 
as stations for obtaining samples of sea 
water from which the diatoms might be 
extracted. The Institution pier was used 
for one, a pleasure pier at Oceanside, 
twenty miles north, was used for another 
(for six years only), and a pleasure pier 
at Pt. Hueneme, over one hundred miles 
north was also selected. At all of these 
stations there was somewhat the same 
tendency as has been noted for north¬ 
erly latitudes for maximum abundance 
of diatoms to appear in the first third 
of the year. However, no two years 
were alike in the ten years for which the 
study of data has been completed and most 
of the peaks of abundance were not coin¬ 
cident at the two more widely separated 
stations. In the ten years there was a 
fairly distinct indication of a tendency for 
increase of abundance to begin at the In¬ 
stitution pier five or six weeks before it 
began at Pt. Hueneme although the actual 
maximum at both stations seemed to tend 
to be reached in or near April, and was 
sometimes as late as June (once in Septem¬ 
ber) at the Institution pier. The authors 
quoted, and most others referring to the 
phenomenon, attribute the vernal in¬ 
crease (“flowering” or “efflorescence”) of 
the plankton diatoms to increase in light, 
to increase in temperature, and to surplus 
nutrients (accumulated in the waters in 
the less productive months of winter). 
One cannot escape the conviction that 
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these conditions must play a large part in 
accounting for the vernal increases in 
abundance in Southern California as well 
as elsewhere, but the explanation is really 
not so simple as that, else why should an 
abundance sustained near to the April 
maximum for some weeks appear (at the 
Institution only) in February of 1910 and 
not in other years? 

YEAR DIFFERENCES 

Biologists (as well as other people) not 
familiar with the inconstancy of unre¬ 
stricted Nature might suppose that daily 
observations on a particular kind of or¬ 
ganisms for a year would give a reliable 
understanding of the conditions of its 
existence in a particular locality. As a 
matter of fact, such a body of information 
may be misleading to a greater or less 
extent in a number of different ways, some 
of which are well illustrated by experiences 
in the Southern California region. 

In a preceding paragraph I mentioned 
the fact that Thalassiothrix frauenfcldit was 
the most prominent diatom in boat catches 
for 192.6. This was the only year that it 
has attained such prominence in Institu¬ 
tion material. Indeed, it is inconspicuous 
or missing in the catches of most years. 
Still, any one depending on the informa¬ 
tion for that one year would feel fully 
warranted in saying that that particular 
species was a conspicuous and characteris¬ 
tic feature of the diatom flora of the Gulf 
of Santa Catalina. Other examples not 
quite so striking appear in the Institution 
records. 

For the year 192D (W. E. Allen, 1911a) 
the total diatoms for the year obtained by 
daily catches at the Institution pier were 
considerably larger than the total from 
similar catches at Pt. Hucneme. This ap¬ 
peared to offer good foundation for an 
inference that La Jolla sea water was more 
productive than Pt. Huencme sea water. 


In 1911 (W. E. Allen, 1917) there was less 
difference but still a greater total abun¬ 
dance at La Jolla. If the records had 
stopped with that year the conclusion 
would be readily accepted anywhere that 
the fertility of the sea was greater at the 
more southerly station. But continuance 
of the observations showed that in suc¬ 
ceeding years there was a reversal, with 
Pt. Huenemc more often in the lead in 
individual years of the ten. Even two 
years was not sufficient to give a reliable 
idea of the relative productivity of the 
two localities. 

E. J. Allen (1908, p. 397) has commented 
on the showing of Bullen (1908, p. 169) 
that there appeared to be a correlation 
between the number of mackerel taken 
in May and the number of copepod food 
organisms in their vicinity and suggested 
that since the copepods depend on plant 
food there ought to be a further connection 
between the amount of sunlight in Febru¬ 
ary and the abundance of plants (plankton 
diatoms). He examined sunshine records 
and such fisheries records as were available 
and came to the conclusion that ‘ ‘they indi¬ 
cate a fundamental correlation between 
the abundance of mackerel in May and the 
amount of bright sunshine during the 
earlier months of the year. ’ * Even though 
his conclusion be questioned, it has the 
important use of calling attention to the 
generally accepted view that sunshine 
in the eafly months of the year is favorable 
to diatom production, and through it to 
the increase of vast numbers of different 
kinds of animals, many in larval or im¬ 
mature stages of development. Assuming 
the reality of this relationship it is easy 
to understand that if the diatom increase 
comes late in the season of a particular 
year it may be too late to feed enormous 
populations of young animals of that 
year, including some of the fishes. In 
other words, it is not only important that 
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there should be adequate production of 
the plants but that it should come at a 
time of year favorable for many animals. 
Harvey (1918, p. 165) says: 

It cannot be assumed that where vegetable carbo¬ 
hydrate and protein food exist, there will be an ani¬ 
mal population to eat a fixed proportion of it. Be¬ 
sides a supply of phytoplankton suitably spaced in 
time, a further condition necessary for maximum 
population is that the energy of plant life passed on 
to the plankton-feeding animals should, before they 
die, be handed on to the carnivorous animals. 

Lacking in necessary approach to a coinci¬ 
dence with animal needs, plant productivity 
ceases to be a reliable index to fertility, and 
it may be that the smaller amount of one 
year or place is more serviceable in the 
economy of the sea because it is timed more 
appropriately than the larger amount of 
another year or place. Therefore, the 
early and sustained abundance in La Jolla 
Bay in 192.0 may have made it superior to 
any other year of the ten in respect to gen¬ 
eral conditions of fertility. As a matter of 
fact, mackerel fishing was exceptionally 
good at the Institution pier that year, 
indicating some degree of correlation, so 
far as the evidence goes. 

LOCALITY DIFFERENCES 

Just as certain localities are known to be 
more favorable than others for catching 
marine fishes, so certain localities are 
known to be especially favorable for plank¬ 
ton organisms, including the diatoms. The 
great abundance of plankton organisms, 
including diatoms, on the Malabar Coast 
of India as reported by Homell and Nayudu 
(1924) shows that region to be ex¬ 
ceptionally favorable. For many years it 
has been known that a particular species of 
diatoms is to be found in astonishing abun¬ 
dance at a certain time of most years on 
Copalis Beach (near Gray’s Harbor) in the 
State of Washington as is mentioned by 
Galtsoff(i93i). Gran (1915)compares sta¬ 


tions in a number of different localities 
and refers (p. 1x9) to the exceptional 
abundance of a single species “round Scot¬ 
land and the Faeroes.” The records of 
diatom occurrence obtained by the Scripps 
Institution in a period of more than four¬ 
teen years give many indications of locality 
differences, a few of the more striking 
being as follows: Daily catches at Faral- 
lone Light (about thirty miles seaward 
from San Francisco) over a period of four 
years, when abundance was good at 
Southern California stations, never showed 
more than negligible occurrence of any 
kind of micro-plankton. In several series 
of catches taken by ships plying between 
San Diego and Seattle catches taken near 
Destruction Island (off the Washington 
coast) have been notably larger than 
others while those from a number of other 
localities represented in each scries have 
always been small or negligible. Simi¬ 
larly the catches near Abrcojos Point in 
Lower California have appeared notably 
large in scries obtained south of San Diego. 
These and similar differences are even more 
impressive if one considers the constituent 
species as well as total abundance, as is 
necessary in extensive investigations. 

For many locality differences it appears 
to be fairly evident that topography is 
responsible. Bigelow (1916, p. 391) says 
“The fertility in diatoms of the waters 
over Georges Bank is interesting,” and 
“The prevalence of the genus Guinardia 
on the bank, contrasted with its absence 
or rarity in the deeper waters of the gulf 
to the north” and “Turning now to the 
coastwise belt, diatoms continue a more 
important factor in the phytoplankton of 
estuarine situations throughout the sum¬ 
mer than they arc in the open waters of 
the deeper parts of the gulf at that season.' ’ 
Numerous other writers indicate similar 
observations and views, some of them em¬ 
phasizing the influence of upwelling or 
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other turbulence caused by bottom or shore 
line topography of a particular region. 

For other locality differences it appears 
to be assumed by some writers that dif¬ 
ferences in latitude are mainly influential. 
Harvey (1918, p. 178) gives certain really 
good reasons why high latitudes may be 
more fertile. Johnstone (1908, pp. 101- 
2.05) expresses the positive opinion that 
“the productivity of the sea” is greatest 
in arctic or sub-arctic regions and he men¬ 
tions or quotes a number of corroborative 
statements of various observers and authori¬ 
ties. He says: “Thus the colder seas arc 
richer in life than the warmer ones; or at 
the very least the amount of life in polar 
seas is not less than in the tropics.“ He 
quotes Kjellman: “One stands as before 
an insoluble problem when he makes a 
haul with a tow-net in the Arctic and ob¬ 
tains abundant and strong vegetation, and 
this at a time when the sea is covered with 
ice, the temperature is extremely low, and 
nocturnal gloom predominates even at 
noor/’ Comments even more emphatic 
Y Uc been made concerning the diatom 
production of Antarctic seas. While not 
antagonistic to such statements and ideas 
the Scripps Institution of Oceanography 
long ago suggested the desirability of test¬ 
ing their degree of accuracy: first, because 
such sweeping generalizations do not 
seem justified in the absence of concurrent 
comprehensive surveys of actual produc¬ 
tion in both low and high latitudes, 
through at least one annual cycle (prefer¬ 
ably several); second, because the reports 
from high latitudes appear to deal entirely 
with conditions at the surface level; third, 
because the most extreme statements con¬ 
cerning excessive abundance of plankton 
in high latitudes appear to be based on 
incidental notice rather than on substantial 
series of careful observations. Avoiding 
voluminous arguments and citations, per¬ 
haps it is permissible to pass this point 
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with the statements that records of the 
Institution covering sub-tropical latitudes 
over a period of years show a considerable 
productivity in some localities, not only at 
the surface, but to depths as great as sixty 
meters below the surface (fig. 2.), afl d 
others covering sub-arctic latitudes which 
show many localities lacking high pro¬ 
ductivity at a time when neighboring locali¬ 
ties were prolific. With such evidence in 
hand it seems that generalizations concern¬ 
ing the relative productivity of low and 
high latitudes arc not tenable on the basis 
of data yet available. ( Cf . W. E. Allen, 
1913, 192.5,192.7a, 192.9). So far as species 
composing the populations of plankton 
diatoms arc concerned, many arc to be 
found at times from Panama to Alaska but 
the genus Thalassiosira is much more 
conspicuous in the higher latitudes. 

The evidence obtained by the Scripps In¬ 
stitution as well as that of most literature 
on plankton supports the view that the 
high sea is not strongly productive of 
plankton. Along the Southern California 
coast the greatest productivity is surely 
within fifty miles of shore. In other seas, 
more shallow water or shoals may present 
influences resembling or helping to conserve 
those of proximity to exposed land in such 
a way as to greatly extend the productive 
area in relation to visible land. Gran 
(1915, p. 133) has long supported the hy¬ 
pothesis “that the great amount of plank¬ 
ton which occurs in the coastal waters 
and from thence can spread far out to sea, 
is first of all due to a permanent supply of 
nutritive substance from land“ and this 
seems to be in substantial agreement with 
the views of most other investigators, 
including those of Southern California. 
While not supported by enough specific 
data to be incontestable there is reason 
for thinking that “flood years’* in the San 
Diego region are especially favorable for 
production of plankton in spite of the 
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serious interference to runoff due to im¬ 
pounding of the waters. But even a 
"flood year'* in a semiarid region does not 
yield enough land materials to carry in¬ 
fluence very far to sea and it is probable 
that the land influence in Southern Cali¬ 
fornia more often favors greater productiv¬ 
ity near shore by causing "upwelling" in 
its vicinity (Michael, 1911; cf. Harvey, 
1918, p. 168), 

SOLAR RADIATION 

There seems to be general acceptance of, 
and no objection to, the idea that solar 
radiation influences life in the sea no less 
than it affects that on the land. Russell 
(1917) says "Light is absolutely necessary 
for the life of all the floating plants" and 
"That light is an important factor in the 
behavior of animals is well known." 
Nevertheless, the details of operation of 
radiation influences, the phenomena of 
their transmission and delivery to each 
organism in the sea, and the identifications 
of their results in particular cases are still 
obscure. This is especially true of the 
phytoplankton, in which the immediate 
or measureable responses to influence are 
less easily traced than is the case in some 
researches on plankton animals. Marshall 
and Orr (192.7) say: "Although sunlight 
is necessary for photosynthesis, too much 
of it is injurious. It has been found that 
diatom cultures grow best away from 
direct sunlight. . . . Even in the sea, it is 
possible that in summer the actual surface 
layer is not the optimum position for dia¬ 
toms." Figures x, 2., and 3 appear to sup¬ 
port this supposition for the Southern Cali¬ 
fornia region, at least in mid-summer, but 
Moberg’s (192.8) study of chemical influ¬ 
ences affecting the catches represented in 
these graphs shows that other conditions 
also favored greatest abundance at several 
meters below the surface. 


RELATION OF DIATOMS TO ANIMALS 

In preceding pages of this paper a num¬ 
ber of authoritative statements have been 
quoted to show the importance of dia¬ 
toms as one of the links in the food chains 
of the sea. Some of the best direct evidence 
available was obtained at the Scripps In¬ 
stitution by Esterly (1916, p. 182.) who 
found that "An examination of the di¬ 
gestive tracts of several species of marine 
copepods shows that diatoms are the or¬ 
ganisms whose remains appear most often. 
However, Esterly himself notes (on the 
same page) that the food of copepods 
probably consists largely of organisms 
lacking shells or other means of leaving 
recognizable remains. Still the general 
emphasis on the food values of diatoms 
is so great that there is risk of forgetting 
the possibility of other relationships. In 
particular, it is possible that certain kinds 
of diatoms may be poisonous to animals 
(or to certain animals) just as certain land 
plants are known to be so, and it is possible 
than when present in great abundance *hey 
may interfere more or less with respiration 
of some animals by clogging the gills. 
Direct evidence in support of these possi¬ 
bilities is not available in Southern Cali¬ 
fornia except that commercial fishermen 
say that fishing is not good where diatoms 
are so abundant as to discolor the water. 
Bullen (1908, p. 2.91) examined a sample 
of "stinking water" from the English 
Channel such as fishermen said indicated 
absence of fish (mackerel) and found a 
preponderance of phytoplankton over zoo¬ 
plankton. And since it is known that 
certain kinds of dinoflagellates (other 
phytoplankton often occurring with dia¬ 
toms) sometimes cause great destruction 
of inshore forms of animal life (Torrey, 
1901) it is reasonable to suppose that dia¬ 
toms may become deterrent or deleterious 
to animal life under certain circumstances. 
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CLOUD THEORY OF PHYTOPLANKTON 
OCCURRENCE 

In general discussion of occurrence and 
distribution of plankton in terms of 
abundance one is driven by necessity to the 
use of statements and modes of expression 
much more definite than are justified by 
the facts, either known or surmised. Thus 
arises the apparent absurdity of speaking 
of the productivity of thousands of square 
miles of Southern California seas in a 
given day, week, month, or year when the 
only evidence available is that obtained 
from a few pints or gallons of water at a 
single convenient point. However, this 
absurdity is more apparent than real so far 
as characterization of the region as a whole 
is concerned, the error in exact representa¬ 
tion of conditions at any other one point, 
as compared with the observation point, 
being partly offset by the approximation of 
representation of the observation point when 
compared with all points belonging to the 
area. A meteorological observer suc¬ 
ceeds in giving us a fairly good working 
idea of conditions in his region in spite of 
a wide range of differences at different 
points in the ocean of air (the atmosphere) 
when he reports “cloudy” or “partly 
cloudy” at his station. There is good 
reason for thinking that an oceanographi¬ 
cal observer may succeed in giving a simi¬ 
larly useful general idea of conditions in 
his region of the ocean of water by report¬ 
ing the differences in abundance of plank¬ 
ton occurring at his station, although the 
range of differences may be very wide at 
different points belonging to the area. 

Not only is there this general analogy 
of practical usefulness of characterization 
of regional conditions from narrowly 
localized observations in the two kinds of 
oceans, but there is also a considerable 
resemblance in the formation of clouds of 


different substances in the two kinds of 
media. While we most often refer to 
clouds of water vapor when we speak of 
clouds in air, we also frequently speak of 
other clouds such as “clouds of smoke,” 
“clouds of gnats,” “clouds of dust” and 
the like. It is, therefore, quite natural 
to speak of clouds in water and in the ocean. 
And, in the case of phytoplankton, the 
usage is commendable because the term 
cloud leads us to think of plankton oc¬ 
currences as being similar in appearance 
to those of water vapor in air which are 
so familiar to us. In our actual experience 
we sometimes see rather dense aggrega¬ 
tions of plankton in a small area which 
look in shape and density very much like 
some of the little clouds of water vapor 
we see sometimes in the air. When the 
sea is discolored for miles as described by 
Moseley and by Haeckel as quoted in the 
early part of this paper the condition is 
comparable to that of an “overcast sky.” 
More frequently there are intergradations 
between these extremes, or perhaps most 
frequently the resemblance is to those thin 
clouds scattered about the sky as wisps, 
and flowing banners, and weird, trans¬ 
lucent canopies of fantastic form with 
highly irregular space relationships. This 
is particularly true of the minute plants 
such as diatoms and photosynthetic dino- 
flagellates which constitute much of the 
more strictly primary part of the food 
supply of the sea. Both from boats and 
from the ends of piers one may see at certain 
times slight streaks, smears, or tinges of 
discoloration of the surface of the sea 
which have form and extent similar to that 
of many of the thin clouds of vapor in the 
sky above them. At any rate, there can 
be no doubt that the idea of plankton 
clouds has a distinct value as a counter¬ 
balance to the idea which might otherwise 
be allowed to grow in our minds that oc- 
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currcnce and distribution of plankton in 
the sea is uniform or regular in detail in 
relation to either space or time. 

CONCLUSION 

In concluding a cursory survey of a field 
so extensive as this, it is surely appropriate 
to make a few remarks concerning the gen¬ 
eral food relationships of the ocean in 
which photosynthetic organisms assume 
a conspicuous position. In case of simple 
death of a diatom (or other phytoplankton) 
cell, it may be supposed that decomposi¬ 
tion by bacteria or other saprophytic forms 
brings derivatives from the body substance 
to a soluble or suspended condition in the 
surrounding water, from which some of 


them may be removed by another diatom 
cell for its own use. For some particular 
atom it may be possible for the circuit to 
be very short, i.c. diatom—bacterium— 
sea water—diatom. In most cases it is 
longer as: diatom—copcpod—herring— 
cod—bacterium—sea water—diatom. 

(Harvey, 1918, p. 168, gives an excellent 
diagram illustrating the general possi¬ 
bilities.) Long or short, there is no room 
for doubt that photosynthctic organisms 
occupy the key position in the general 
circuit of food exchanges in the ocean, and 
that they must be reckoned with sooner 
or later, even though one may choose, 
like Brooks, to include animal micro¬ 
plankton under the convenient term of 
"primary food supply." 
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THE NERVOUS SYSTEM OF THE EARTHWORM 

By C. LADD PROSSER 

The Zoological Laboratory , The Johns Hopkins University 


T HE nervous system of the earth¬ 
worm has doubtless received the 
attention of more morphologists 
and physiologists than has that 
of any other invertebrate. Since it is still 
frequently used in investigation, it is of 
importance to ascertain the present state 
of knowledge concerning its structure 
and function and the manner in which this 
knowledge has been accumulated. The 
literature dealing with the nervous system 
of earthworms (Lumbricidae and allies) 
has been treated in several monographs, 
among which the most recent is by Stephen¬ 
son (12.1). The present account aims to 
show how the nervous system of the adult 
earthworm has been used as material in the 
study of invertebrate neurology in general. 

HISTORICAL DEVELOPMENT 

Very few papers dealing with inverte¬ 
brate nervous systems appeared before 1800. 
The first accounts were brief descriptions 
of the principal gross components, culminat¬ 
ing in those by such naturalists as Cuvier. 
Then followed a period of interest incom¬ 
parative morphology during which the 
parts of the nervous system in different ani¬ 
mals were compared. During this same 
period (approximately from 182.5 to 1850) 
a few microscopists applied their methods 
to nerves in different organisms and dis¬ 
tinguished between globules and tubes 
(nerve cell bodies and fibers). Near the 
middle of the century the interest in com¬ 
parative morphology led to phylogenetic 
studies aiming to show relationships among 
and within groups on the basis of similari¬ 
ties in structure. About 1870 interest in 


special histology came to the front, and 
an attempt was made to describe the de¬ 
tails of different components of the nervous 
system, and from this knowledge to reason 
concerning their function. Fixed and 
stained tissues came to be used more gen¬ 
erally, and three problems were uppermost: 
the origin and nature of nerve “tubes,’* 
the nature of the connections between them 
in the central nervous system, and the 
structure of the nerve cells. Since 1890 
increasing emphasis has been upon the 
function of the nervous system. This has 
led to experimental work such as the study 
of motor coordination in intact and oper¬ 
ated specimens and the use of drugs and of 
electrical methods. Some of the infer¬ 
ences concerning function that were drawn 
from the structure of the nerve elements 
have been substantiated while others have 
been disproved. 

The development of interest in the nerv¬ 
ous system of the earthworm closely 
paralleled this general development of 
invertebrate neurology. The occurrence 
of papers dealing primarily with gross 
morphology, histology, and physiology 
of the nervous system of the earthworm 
in different countries is indicated in table 1. 
This table shows that the first histological 
study appeared nearly forty years after the 
first account of gross morphology of the 
nervous system and that the first physio¬ 
logical paper appeared approximately 
thirty years after the first histological one. 

It shows that each subject has been 
studied in cycles. For example, peaks of 
interest in the histology of the nervous 
system appeared during 1861-1865, 1891- 
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1895, 1906-1915, and 1916-1930. The 
peak in 1891-1895 is definitely correlated 
with the application of methylene blue 
and Golgi methods to invertebrate ma¬ 
terial, the others with more general in¬ 
terests of the periods. The recent high 


1915, and the indication is that another 
will be reached during the next few years. 

This table also shows that most of the 
gross morphological studies were done in 
France and England, that in the histo¬ 
logical investigations Germany leads. 


TABLE 1 


Occurrence of Papers Dealing with the Gross Morphology , Histology, and Physiology of the Nervous System of the Earthworm 
from 1816 to 1933. Papers Dealing with Regeneration Are not Included . Countries are Those in Which 
Work was Done; Some Papers from Other Countries Are not Included 



peak in this field indicates that the next 
decade will not be particularly productive 
of papers dealing with the histology of 
the nervous system of the earthworm. 
Similarly, papers dealing with the physi¬ 
ology of the nervous system of the earth¬ 
worm reached peaks in 1901-1905, 192.1- 


while second place is nearly equally shared 
by France and the United States. Further, 
Germany and the United States have nearly 
equally contributed to the physiological 
papers, with almost none from other coun¬ 
tries. In each subject the shift has been 
toward the United States in recent years. 
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GROSS MORPHOLOGY OF THE NERVOUS SYSTEM 
OF THE EARTHWORM 

In 1671 Willis (135) recognized a white 
lobe above the oesophagus of the earth¬ 
worm as the brain, “cerebrum mole 
perexiguum. * * Cuvier (16) was one of the 
first to identify the divisions of the nerv¬ 
ous system of the earthworm. He ob¬ 
served the ventral nerve cord, two pharyn¬ 
geal commissures and the dorsal brain or 
suprapharyngcal ganglion. Referring to 
Lumbricus he said, “Le cordon nerveux n* 
est qu'unc suite d'unc infinite de petits 
ganglions serres les uns contre les autres.“ 

Leo (78) and Roth (111) also identified 
these parts, and Home (57), Morren (88) 
and Anderson (1) added more details. 
Home figured two anterior nerves arising 
from the brain of the earthworm, one from 
each pharyngeal commissure, one pair 
from the subpharyngeal ganglion, and two 
or three pairs from each remaining gan¬ 
glion. Anderson stated that two pairs of 
nerves emerge from each ventral ganglion 
and two pairs from the cephalic ganglion 
or brain. He considered the second and 
third segmental nerves to constitute one 
single root. Thus by 1840 the gross com¬ 
ponents of the nervous system of the earth¬ 
worm had been identified. 

In 1848 Blanchard (8) advanced the idea 
that each class of invertebrates has its own 
basic pattern of nervous system and that 
the arrangement of ganglia can be used as 
a basis of classification. He supported 
this contention by a study of a variety of 
groups including earthworms. In using 
this new method of classification Quatrc- 
fages (103) maintained that the number of 
segments in earthworms and leeches is 
determined by the number of ganglia 
rather than by the external segmentation. 
Perrier (96, 97, and 98), Benham (5), and 
Bcddard (4) also made comparative studies 
of the nervous system of different species 


of earthworms. They used the position 
of the brain, the number of cerebral 
nerves, the degree of separation of the 
ventral ganglia, and other variations in the 
central nervous system as a basis of classi¬ 
fication, and showed that there are ap¬ 
preciable differences in the nervous systems 
of different species. 

Clarke (13) made the first really detailed 
study of the ganglia of Lumbricus . He de¬ 
scribed the brain as a bilobed mass giving 
rise to the pharyngeal crura or commis¬ 
sures and to two cephalic nerves which 
branch to the upper and lower prostomium. 
In the brain he distinguished an outer 
cellular lamina and an inner fibrous mass, 
a fan-like spreading of the roots of the 
prostomial nerves and a transverse band 
of fibers between the two lobes. He ho- 
mologized the dorsal part of the cephalic 
ganglion with the lower part of the ven¬ 
tral chain because of the similar distribu¬ 
tion of cells in each, and drew an analogy 
between the transverse commissure in the 
brain and either the corpora quadrigemina 
or corpus callosum. 

In 1865 Udekem (12.9) published some 
colorful but inaccurate plates in which he 
showed nerves leaving the cord and 
branching symmetrically among the mus¬ 
cles. The distribution of the peripheral 
nerves was treated more completely, how¬ 
ever, by Hesse (54), Fling (31), and Hess 
(51). Hesse maintained that the first and 
third nerves in a segment arc mainly motor 
and that the second nerve serves most of 
the sense organs in the segment. He de¬ 
scribed the innervation of the anterior end 
in Lumbricus herculeus , and Hess described it 
in Lumbricus terrestris. Hess used both 
gross dissections and serial sections in 
tracing the nerves. His general results arc 
presented in figure 1. This figure shows 
that the pharyngeal commissures inner¬ 
vate the first segment and that the anterior 
part of the subpharyngeal ganglion inner- 
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vatcs the second and third, the posterior 
part the fourth segment. This indicates 
that the subpharyngeal ganglion probably 
represents the fusion of three segmental 
ganglia. Hess states that the caudal seg¬ 
ment has either five or six pairs of nerves 
and that each pair of segmental nerves 
forms a complete ring around the body. 
According to Fling, the branches of these 
nerve rings overlap on both the dorsal and 


In addition to the ganglia and the nerves 
arising from them, there is in the earth¬ 
worm a pharyngeal plexus which was first 
described by Quatrcfages (101) and later 
by Clarke (13). The former said that six 
branches from each pharyngeal commis¬ 
sure are connected with a nerve plexus 
over the pharynx, the latter that four or 
five short branches from each commissure 
extend to the plexus. In 1865 Lankester 



Fig. 1. Drawing Showing a Lateral View of the Arrangement of the Larger Nerve Trunks in the 
Left Half of the Anterior Segments of the Earthworm, Lumbricus Tbrrbstris 
A, nerve from lateral region of cerebral ganglion which passes to prostomium; AN t dorsal ramus of anterior 
segmental nerve, AR , ventral ramus of anterior segmental nerve; £, nerve from near middle region of circum- 
pharyngcal connective which passes to segment 1; BC t buccal cavity; C, nerves from ventral region of circum- 
pharyngeal connective which pass to segment 1; CG, cerebral ganglion; CPC, circumpharyngcal connective; D , 
branch of nerve to prostomium that supplies tissues of dorsal region of buccal cavity; E, nerve that supplies the 
portion of the prostomium in the dorsomedian region of segment 1; E, gangliatcd thickening of enteric nerve 
plexus; Gy branch of nerve to segment 1 that supplies tissues of ventral region of buccal cavity; L, septal nerve; 
M, mouth opening; MN, dorsal ramus of median segmental nerve; MR, ventral ramus of median segmental 
nerve; P,j>rostomium; PN, dorsal ramus of posterior segmental nerve; PR, ventral ramus of posterior segmental 
nerve; SG t subpharyngeal ganglion; l-VI t segments 1 to 6. 

(This figure was drawn by Dr. W. N. Hess and is reproduced by his permission.) 


ventral sides. Fling also stated that the 
posterior segmental nerves gives branches 
to the septa and intestine in addition to the 
musculature. 

The nervous system of Perichaeta mega - 
scolidioides (Imai, 6i) is peculiar in that 
eight to ten cerebral nerves leave the bor¬ 
ders of the cerebral ganglion and supply 
the prostomium, buccal cavity, and part 
of the first segment. 


(75) referred to the pharyngeal plexus as a 
sort of reflex center which “presides over 
the operations of the viscera” while the 
subintestinal cord is locomotor in function. 
Rorie (110) suggested that the suprapharyn- 
geal ganglion is analogous to the cerebral 
hemispheres of man, the ventral chain to 
the sympathetic system and the pharyn¬ 
geal plexus to the vagus. Chen (11) made 
careful dissections of the finer branches of 
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this plexus in Lumbricus. He supported 
Quatrefages by saying that the plexus 
arises as a chain of nerve cells from six 
nerves from each pharyngeal commissure 
from this chain anterior and posterior 
nerve trunks branch and anastomose freely 
around the pharynx. 

It may be concluded from this discussion 
that different species of earthworms differ 
somewhat in the distribution of nerves, 
but that, in general, each segmental gan¬ 
glion gives rise to three pairs of lateral 
nerves, that the brain supplies the pro- 
stomium and part of the first segment, that 
the pharyngeal commissures give rise to a 
pair of nerves to the first segment and to 
six pairs of small nerves which join a 
pharyngeal plexus, and that nerves from 
the subpharyngeal ganglion innervate the 
second, third, and fourth segments. 

HISTOLOGY OF THE CENTRAL NERVOUS SYSTEM 

Most of the early morphologists men¬ 
tioned in the preceding section observed 
that the brain and nerve cord of the earth¬ 
worm consist essentially of a sheath, an 
outer layer of globules (nerve cells), and an 
inner mass of tubes (nerve fibers), and that 
these structures are arranged symmetrically 
right and left. The study of these details 
of the nervous system of the earthworm 
contributed to at least five problems of 
general interest: the number of processes 
in neurones, the origin of nerve fibers, the 
manner of connection between neurones, 
the paths followed by nerve fibers in the 
ganglia, and the finer structure of nerve 
cells. The first two of these may be con¬ 
sidered as settled, the others as not yet 
settled. They can best be understood by 
a study of the manner of development of 
each problem. 

One of the first problems to attract his¬ 
tologists to earthworms concerned the num¬ 
ber of processes in the nerve cells. These 
cells were first studied in untreated macera¬ 


tions of the nerve cord, then after treat¬ 
ment with various acids, both inorganic 
and organic. In 1856 Faivre (30) con¬ 
cluded from such preparations, treated and 
untreated, that there are apolar, unipolar, 
bipolar and multipolar nerve cells. In 
1863 Rorie (no) studied untreated prepa¬ 
rations with the aid of a very bright light 
and reached essentially the same conclu¬ 
sions as Faivre. He added the observa¬ 
tion that multipolar cells in the brain 
give rise to the fibers of the transverse 
commissure which connects the two lobes 
of the brain. In the same year Walter 
(133) treated the nerve cord with acid and 
observed two lateral groups of unipolar 
and a central group of multipolar cells. 
Clapar£de (zz) and Nansen (89 and 90) 
used a variety of fixatives; they doubted 
the existence of multipolar cells. The 
latter maintained that all ganglion cells 
are really unipolar, the shorter branches 
being protoplasmic and nutritive. 

The problem was ultimately settled by 
Cajal (18) and Boule (9 and 10) who used 
elaborate methods of silver impregnation 
rather than the less specific fixatives and 
stains used by the earlier investigators. 
They demonstrated that the apolar cells in 
the nerve cord of Lumbricus are neuroglia 
and not true nerve cells, and that most of 
the nerve cells are unipolar or multipolar; 
a few are bipolar. 

This discussion concerning the number 
of processes in the ganglion cells led to a 
study of the origin of the nerve processes. 
This was studied more intensively in other 
invertebrates, and the earthworm con¬ 
tributed only incidentally to the solution 
of the problem. The early histologists 
agreed that the “Punktsubstanz” of the 
neuropile is fibrous in nature. Vignal 
(131), among others, contended that some 
of these fibers are independent, while 
others, for example Faivre (30), said that 
they are connected with nerve cells. 
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Walter (133) and Nansen (90) said that 
both views are correct. The enunciation 
of the neurone theory by Waldcycr in 1891 
and the use of methylene blue and the 
Golgi method of nerve impregnation 
enabled Retzius (107) to show conclusively 
that all nerve fibers arc connected with 
nerve cells. 

Another controversy ensued concerning 
the connections between neurones in the 
central nervous system of the earthworm. 
Vignal (131) in a general review in 1883 
postulated anastomoses of processes in the 
ventral nerve cord as did Walter (133). 
Nansen (89 and 90) and Retzius (107), 
however, opposed this view and main¬ 
tained that true fusion docs not occur 
between nerve fibers, but that the fibers 
merely come into close contact with each 
other. In 1897 Apathy (2.) contended, on 
the basis of methylene blue preparations, 
that in the nerve cords of the leech and 
earthworm anastomoses occur between 
the fibers and among the primitive ‘ ‘fibrils'' 
in the nerve cells. Apathy's conclusions 
with respect to fusion of fibers were not 
accepted by Lenhossek (77), Cajal (18), 
Bqu 16 (9 and 10), and Schneider (112.), who 
worked with silver methods. No recent 
investigators have dealt with this ques¬ 
tion in the earthworm, but the bulk of 
evidence obtained with other animals as 
well as the work of the investigators just 
mentioned favors synaptic contact and not 
fusion of nerve fibers in the ncuropile of 
the central nervous system. 

The study of the manner of connection 
among the nerve fibers led to a study of 
the course of neurones in the ganglia of 
the earthworm. The paths of many neu¬ 
rones were traced by Haller (43 and 44), 
Cerfbntaine (io), Retzius (107), and 
Krawany (71), each of whom used specific 
nerve stains. These histologists agreed 
that in the ganglia commissural cells con¬ 
nect sensory with motor neurones and that 


they connect either the two sides of the 
same ganglion or two consecutive ganglia. 
They said that the connection between two 
ganglia may be homolateral or crossed, 
and that more motor processes than sen¬ 
sory processes cross from one side to the 
other. Fortuyn (33) constructed diagrams 
of the paths of neurones on the basis of the 
descriptions by these histologists. These 
diagrams indicate extreme differences in 
the views held concerning details of the 
neurone paths. Figure 1 is a series of 
similar diagrams in which each type of 
commissural and motor neurone figured 
by these histologists is schematically pre¬ 
sented . These diagrams show twenty-two 
types of motor neurone and twenty-three 
types of strictly commissural neurone. Of 
all these, the main axones of twenty-three 
are homolateral, and of twenty-two are 
contralateral. Not a single type of neu¬ 
rone was figured by all four histologists; 
three types of neuron were figured by three 
of them; thirteen types were figured by two. 
This diversity of opinion may be explained 
by the fact that some neurones and some 
axone branches are not made visible by 
these methods and by the fact that each 
ganglion of the cord contains approxi¬ 
mately 12.0 to 150 cells (Stephenson, ixi) 
of which only a small portion were 
mapped by any one investigator. 

Ogawa (94 and 95) and Tugc (117) 
estimated the number of cells and fibers 
in the ganglia of Pertchacta and Allolobo - 
phora and concluded that in the neuropile 
there are approximately twice as many 
fibers as there are cells in each ganglion. 

Smallwood (118) recently emphasized 
the extensive branching of central neu¬ 
rones. He and Rogers (109) drew the 
conclusion that numerous cells participate 
in even the simplest reactions and that 
the two-cell reflex is probably not the 
dominant pattern. 

The structure of the individual nerve 
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cells has been studied fully as extensively 
as the nature of connections between cells 
and with equally divergent results. Faivre 
(30) asserted that the untreated nerve 
cells arc fluid in content. He pointed 
out that most of the fibers arc non- 
mcdullatcd. Vignal (132.), Walter (133), 
and Horst (59) applied acid fixatives to 
the nerve cord. Vignal contended that 
the cells are granular. Walter and Horst 
said that they arc fibrillar. Approxi¬ 
mately twenty years after Horst’s paper 
the structure of ganglion cells was studied 


contended that the motor fibers contain 
few large fibrils and that the sensory 
fibers contain many fine ones. Bialowska 
and Kulikowska (6) described a fibrillar 
Golgi-Kopsch apparatus among the neuro- 
fibrils in the cell bodies of the ventral 
nerve cord of Lumbricus . These obser¬ 
vations of anastomosing neurofibrillar nets 
were made entirely on fixed and stained or 
impregnated tissues, not on living cells. 
In the light of recent evidence (Bozler, 
15) that anastomoses among fibrils are 
not seen in living nerve cells and the in- 



Fio. z. Diagrams op Types of Motor and Commissural Nburonbs in One Ganglion op the Nerve Cord 

to Show Paths of Principal Axones 

Figures condensed from those by Cerfontaine (zo), Retzius (107), Krawany (71), Haller (44)* The 
main axones of neurones 1-4 leave cord by segmental nerve I, neurones 5-8 by nerve II, neurones 9-14 by nerve 
III, axones of neurones 15-16 pass in anterior or posterior direction, neurones 17-4j are compound in their 
branches, neurone 46 is sensory. Neurones which were originally shown on both sides of a ganglion arc here 
shown on only one side. 


with the aid of the newer silver and 
methylene blue methods. These methods 
were used in investigating nerve cell 
structure in the earthworm by Pfliickc (99), 
Cajal (18), Boul6 (9, 10, and 11), Kowal¬ 
ski (69), and Sziits (12.5 and 116). They 
maintained that they observed nets of 
anastomosing fibrils in the cell bodies. 
Boul6 figured an eccentric nucleus and 
two fibrillar nets, inner and outer; he 
said that these nets are continuous with 
the fibrils in the nerve processes. Schnei¬ 
der (m), using a variety of methods, 


creasing recognition of artifacts of fix¬ 
ation, a reinvestigation of this question 
might give important results. 

Two other problems, less controversial 
than the preceding ones, are important 
in the histology of the central nervous 
system of the earthworm. These concern 
the giant fibers and the non-nervous con¬ 
stituents. In the dorsal part of the nerve 
cord of most earthworms there are three 
giant nerve fibers. These were first de¬ 
scribed in 1861 by Leydig (79 and 80). 
He traced them to the base of the pharyn- 
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gcal commissures and said that they 
blacken with osmic acid like myelinated 
vertebrate fibers but unlike other fibers 
of the earthworm cord. Later (8i), he 
figured an outer clear zone and an inner 
fibrillar region in these fibers and asserted 
that they function in the transmission of 
impulses. Clapar&de (xx) stated that, of 
the three giant fibers in Lumbricus , the 
median one extends forward farther than 
the two lateral ones. Horst (59) con¬ 
tended that the giant fibers have a homo¬ 
geneous fluid content. The giant fibers 
of the earthworm were studied with the 
aid of specific nerve stains and impregna¬ 
tions by Friedlander (34 and 36), Cerfon- 
taine (xo) and Honig (58). Friedlander 
and Honig said that each giant fiber has 
its cell body in the posterior ganglion. 
Cerfontaine agreed with respect to the 
lateral giants but maintained that the 
median one arises from a cell in the an¬ 
terior ventral ganglion. Keyl (66) as¬ 
serted that there are two branches from 
the median and three from each lateral 
giant fiber in each segment; he traced 
some of these branches to large nerve 
cells in the ventral part of the cord. 

In 19x6 Stough (ixx) made a very in¬ 
tensive study of the giant fibers in Lumbri¬ 
cus. He traced connections from the 
median giants to two pairs and from each 
lateral giant fiber to one pair of giant 
cells and to several smaller ones in each 
segment. Stough stated that each giant 
fiber consists of compressed axones and 
that the diameter of each giant fiber is 
not constant throughout its length. He 
found two ventral giant fibers in addition 
to three dorsal ones and maintained that 
in each segment there is in the giant fibers 
on oblique partition continuous with 
their myelin, on the two sides of which 
the fibers stain differently. He suggested 
that these septa might constitute a sort 
of synapse. Smallwood and Holmes (119) 


confirmed Stough’s conclusions concerning 
the ventral giant fibers and traced fibrils 
out to the neuropile, from one lateral 
giant fiber to another, and from each 
giant fiber to cells in each segment in 
Lumbricus and Eiscnia. The preceding evi¬ 
dence indicates that the earlier investi¬ 
gators found only the cells in the posterior 
and anterior ganglia connected with the 
giant fibers, whereas these fibers actually 
give off branches to cells in each ganglion. 
This evidence also indicates that the con¬ 
nections of the giant fibers both with the 
neuropile and with each other are rela¬ 
tively abundant. 

The non-nervous constituents of the 
central nervous system remain to be con¬ 
sidered. Many of the early investigators 
observed apolar cells which they assumed 
to be nerve cells but which were in reality 
neuroglia. Glial cells in the earthworm 
were first described by Walter (133) and 
Clapar&de (xx). The latter observed that 
they are present not only in the central 
nervous system but also around the lateral 
nerves. Clapar£de also described three 
sheaths of the cord, an outer neurilemma, 
a median muscular layer, and an inner 
neurilemma. Joseph (64 and 65) de¬ 
scribed the neuroglia in several groups of 
invertebrates and maintained that they 
are fibrous in structure. Cajal (18), 
Schneider (nx), Boule (11), Comes (X4), 
and Havet (47) extended and supported 
these studies of the sheath and neuroglia. 
Havet, by means of a gold chloride tech¬ 
nique, observed that the neuroglia may 
be either fibrous or granular and that 
they are intimately connected with both 
nerves and blood-vessels. Stough (ixx) 
and Holmes (56) described supporting 
tissue between and around the giant fibers. 
Holmes maintained that the sheath of the 
lateral nerves differs from that of the 
ganglia only in its lack of muscle cells. 

The above account indicates that the 



NERVOUS SYSTEM OF EARTHWORM 


189 


earthworm contributed to the general 
conclusions that central nerve cells may 
be unipolar, bipolar, or multipolar, and 
that all fibers originate in cell bodies. 
It also indicates that, although much 
knowledge is available concerning the 
neurone paths, the fibrillar structure of 
nerve cells, the nature of the giant fibers 
and of the neuroglia and sheath of the 
central nervous system of the earthworm, 
many histological problems remain un¬ 
settled. For example, the function of 
different types of neurone as indicated by 
the course of the processes of these cells 
is largely unknown. The nature of the 
fibrillar network in the cells and its rela¬ 
tion to the fibrils of the axones remain 
undetermined, as does the nature of the 
contact between fibers in the neuropile 
and in the giant fiber tracts. The relation 
between the small axones of the giant 
fibers and the giant cells and the branches 
between the fibers remains to be settled. 

PERIPHERAL COMPONENTS OF THE NERVOUS 
SYSTEM 

In addition to these central elements, 
two peripheral components of the nervous 
system, the peripheral network or plexus, 
and the sensory cells, may be considered. 
Retzius (107), Smirnow (no), and Lang- 
don (73) maintained that there is a net¬ 
work of nerve fibers beneath the epithel¬ 
ium. Smirnow added that the blood 
vessels also are covered by such a network. 
Kolmcr (68) figured fibrils passing from the 
epithelial sensory cells of Lumbricus into 
the subepithclial plexus. Dechant (2.8) 
confirmed these findings, stated that nerve 
cells as well as fibers are present in the 
plexus, and that a similar subepithelial 
plexus exists in the pharynx. Hess (51 
and 52.) showed that the network occupies 
an intermediate position between the 
sensory cells and the central nervous 
system and found continuity between sub- 


epidermal and intermuscular plexi. Small¬ 
wood (115, 116, and 117) found a nerve 
network in these regions and also on the 
blood vessels, septa, nephridia, and di¬ 
gestive tract. He contended that the 
sensory nerves do not contain so many 
fibers as there are sensory cells; hence 
convergence of fibers from the sensory 
cells must occur in the subepithelial 
plexus. 

Dechant, Hess, and Smallwood used a 
variety of methods and maintained that 
the peripheral plexus is a true net of 
anastomosing fibers. Langdon found no 
such continuity. The other histologists 
were largely non-committal on this point. 
The question of whether the peripheral 
plexus is a true net remains unsettled. 
In fact, the existence of any true peripheral 
net is debatable. As opposed to a net¬ 
work, Bozler (15) found discontinuous 
synapses in coelenterates. Numerous 
neuro-histologists have cast doubt upon 
the validity of the silver methods for 
distinguishing contact from continuity of 
fibers. Physiological evidence will be 
presented below against the existence of 
a true net in the earthworm. 

Knob-like nerve endings among the 
muscles were described by Retzius (107), 
and branching nerve endings by Small¬ 
wood (117). It is likely that these are 
motor endings. 

Dawson (17) found nerve cells in 
Lumbricus among the muscles and on the 
nerve rings, particularly where the seg¬ 
mental nerves branch. He asserted that 
these cells may be sensory in nature, prob¬ 
ably proprioceptive. The same sort of 
nerve cell among the muscles and between 
the epidermis and muscles was described 
later in Pheretima and Eisenta by Zyeng 
(138). 

Epithelial cells, supposed to be sensory 
in nature, are considered by numerous 
investigators. Mojsisovics (84), Horst 
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(60), Udc (iz8), Vejdovsky (131), Cerfon- 
tainc (19), and Lcnhossik (77) described 
epidermal cells which bear hairs at their 
peripheral ends and are frequently found 
in small groups about a pore canal. They 
are connected centrally to fibers which 
pass to the central nervous system and 
are undoubtedly sensory. 

In 1895 Langdon (73 and 74) main¬ 
tained that thirty or more of these sensory 
cells, each with a terminal hair, constitute 
a sense organ and that each cell gives rise 
to a nerve fiber proximally. She found 
an anterior, median, and posterior zone 
of these sense organs in each segment and 
contended that they arc most numerous 
in the anterior, less numerous in the 
posterior, and least in the middle regions 
of the body. Ha vet (46) described the 
sensory cells in the epidermis of the earth¬ 
worm as pyramidal, pyriform, fusiform, 
or moniliform. 

Smirnow (izo), Retzius (108), and 
Langdon (73) found free endings of sensory 
nerve fibers among the epidermal cells. 

Hesse (54 and 55) found these sense 
t organs in the epidermis and also other 
sensory cells of a more specialized sort in 
the epidermis, in peripheral ganglionic 
masses in the prostomium and first seg¬ 
ment, and sometimes near the surface of 
the brain. These cells, he said, have a 
clear cytoplasm and a large well-differ¬ 
entiated body which he called a “Binnen- 
korper." Their shape, distribution, and 
abundance vary among different species. 
He found these particular cells to be most 
abundant in the regions which are most 
sensitive to light, and called them “Licht- 
zcllcn* * or photoreceptors. Kowalsky (70) 
and Hess (33) further described the 
"Lichtzcllcn” of Hesse. Hess found in 
19Z5, by means of silver impregnations 
that the "Binncnkdrpcr” and the rest of 
the cytoplasm contained numerous anas¬ 
tomosing neurofibrils and that part of the 


former body focuses light on the fibrillar 
net. It is assumed that all of the other 
epithelial cells and organs are sensitive 
to tactile or chemical stimulation, but 
no definite information concerning their 
sensitivity is available, hence strict proof 
that these cells are sensory in nature is 
lacking. 

REGENERATION 

Earthworms have frequently been used 
in the study of regeneration of nervous 
tissue. Early observers, Bonnet, Spal¬ 
lanzani, and others, reported instances of 
regeneration of lost parts, but this was 
denied in the earthworm by Williams (134) 
as late as 1851. Newport (91) in 1855 
exhibited three worms in which more 
than a third of the posterior part of the 
body had regenerated. 

Hcschler (49) stated that, when a 
number of segments are removed, cells 
are pushed out from the old nerve cord 
and that the brain can be regenerated 
from epithelial cells. Rand (105, 106) 
claimed that both the brain and the ven¬ 
tral nerve cord of a regenerating region 
come chiefly from epithelium, but that 
undifferentiated cells in the ganglia may 
become nerve cells. Hall (41) main¬ 
tained that ventral nerve cells may mi¬ 
grate into a cut region of the nerve cord. 
Nuzum and Rand (93) stated that even 
new pharyngeal epithelium can contrib¬ 
ute to a regenerating brain. Schwartz 

(113) , using the Nissl technique, claimed 
to find that connective tissue is trans¬ 
formed into nerve cells. Thus three tis¬ 
sues have been stated to give rise to re¬ 
generating nerve cells. It is difficult to 
believe that connective tissue of meso¬ 
dermal origin can contribute to nerve 
cells. In fact, the problem is far from 
settled. 

Morgan (86), Hunt (61), Sicgmond 

(114) , and Bailey (3) said that the presence 
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of a free cut end of the ventral nerve cord 
is necessary for regeneration. Goldfarb 
(40) maintained that it is not necessary. 
Bailey (3) asserted that if the free end of 
the nerve cord is folded back on the cord 
leaving several segments without any con¬ 
nection with the central nervous system 
after part of the body is removed, usually 
no nervous tissue and sometimes no new 
head or tail is regenerated. Kropp (jl) 
recently found that when a brain from 
another worm is transferred to the dorsal 
region of a regenerating anterior end, the 
brain is resorbed, but when transplanted 
to the ventral region, it is incorporated 
into the new subpharyngeal ganglion. 
The cut end of the nerve cord, therefore, 
appears to be a center of regeneration. 

THE FUNCTION OF THE NERVOUS SYSTEM 

One of the most interesting problems 
in the physiology of the nervous system 
of the earthworm concerns the functions 
of the central nervous system and the 
peripheral plexus in conduction of im¬ 
pulses in locomotion. Physiological stud¬ 
ies have also contributed to the problems 
of the nature of locomotor peristalsis, 
segmental independence, the function of 
giant fibers, and cephalic dominance. 

Fundamental work was done on the 
first of these problems by Fricdlandcr 
(33 and 37) who removed the ventral 
nerve cord from several segments of an 
earthworm. He observed a flaccid con¬ 
dition in the muscles of these segments 
and stated that when a locomotor peri¬ 
staltic wave passes backward, there is no 
contraction in the denervated segments 
except as they are pulled out by the con¬ 
tracting anterior ones. He said that this 
region pulls like a loose string on the 
segments behind it, and that these seg¬ 
ments then begin active contraction ap¬ 
parently coordinated with the anterior 
region. He then tied the two halves of a 
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transected earthworm together with a 
thread and observed similar coordination 
between them. He also observed that 
tactile stimulation of the posterior seg¬ 
ments initiated a forward moving wave 
which stopped at the segments lacking 
the nerve cord. He concluded that the 
mechanical effect of the pull of one region 
upon another and traction upon the sub¬ 
stratum initiate peristalsis. He postu¬ 
lated a reciprocal reflex of “thickening*' 
and “thinning" which involves alternate 
contraction and relaxation of the two 
sets of muscles and the intermediation 
of the ventral ganglia as reflex centers. 

These results were confirmed by Max¬ 
well (83), Bicdermann (7), and Morgulis 
(87). Maxwell stated that the coordina¬ 
tion observed in Lumbricus after the cord 
is transected does not occur in the poly- 
chacte. Nereis. Biedcrmann emphasized the 
loss of tonus in segments lacking the 
nerve cord. Moore (85) and Garrcy and 
Moore (39) experimentally supported 
Fricdlandcr’s theory of the origin of the 
peristaltic contractions. Moore elicited 
peristalsis by hanging weights to a sus¬ 
pended earthworm in which the epidermal 
receptors had been anaesthetized. Garrcy 
and Moore stroked preparations of earth¬ 
worms, which were held by clamps to 
minimize tension, with a brush and main¬ 
tained that peristaltic waves are induced 
by backward strokes but arc inhibited by 
forward strokes. They concluded that 
contact with the substratum as well as 
tension from segment to segment is of 
importance in initiating peristalsis. They 
stated, however, that in these clamped 
specimens coordinated waves cease when 
the nerve cord is cut and that the type 
of response varies with the direction of 
propagation of the impulse in the nerve 
cord. Knowlton and Moore (67) further 
developed the idea of reciprocal inner¬ 
vation of the two muscle layers which 
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plexus except that it docs not function 
as a true net in the coordination of peristal¬ 
tic movement and in epithelial secretion. 
It probably functions, as Smallwood (117) 
suggested, as a center of branching of 
processes to the sensory cells. 

The study of the earthworm has also 
contributed to the problem of segmental 
independence. In 1897 Maxwell (83) 
observed a lack of tonus in segments 
from which the ganglia had been removed 
and suggested that each ganglion is a 
local motor center for its particular seg¬ 
ment. The importance of tonus as con¬ 
trolled by the ganglia was emphasized in 
a discussion of crawling by Van Essen 
(130). Several investigators, Friedlandcr 
(35 and 37), and Knowlton and Moore 
(67) developed the idea of reciprocal 
contraction of longitudinal and circular 
muscles in crawling, and Buddenbrock 
(16) postulated a bisegmental reflex in¬ 
volving two consecutive ganglia to ac¬ 
count for this movement. 

Janzen (63), by a series of operations, 
obtained evidence that each ganglion is 
a reflex center for the antagonistic con¬ 
traction of the two muscle layers and for 
the movement of the setae in any given 
segment. He asserted, however, that the 
reflexes of any particular segment are co¬ 
ordinated with those of the segments 
immediately anterior and posterior to it 
and that the control is usually homolateral, 
but that impulses can cross from side to 
side. It may be concluded from this evi¬ 
dence concerning ganglionic effects on 
tonus and on segmental reflexes that each 
segment is essentially an equipotential 
but not an independent unit. 

The results obtained in observations on 
the rate of conduction in the nerve cord 
differ considerably. Bovard (ii) by means 
of myographs ascertained the rate of 
conduction in the motor fibers of the 
cord to be approximately 0.015 m. per 


second and that in the giant fibers to be 
approximately 1.15 m. per second. La- 
pique and Veil (76) by the same method 
found conduction in the ventral nerve 
cord at the rate of 0.6 m. per second, and 
in the muscles at 0.35 m. per second. 
More recently Eccles, Granit and Young 
(19) measured the conduction rate in the 
giant fibers by means of action potentials. 
They found two groups of impulses, one 
at the rate of 17 to 15 m. per second and 
the other at 0.7 to 1.1 m. per second. 

Conduction in the giant fibers differs 
from that in the rest of the nerve cord. 
When strongly stimulated, earthworms 
swing the two ends together in a sort of 
coil and then apart vigorously. Fried- 
lander (37) suggested that, since these 
quick end-to-end contractions are lacking 
when the cord is cut, the control of such 
contractions is the function of the giant 
fibers. Rabes (104), however, claimed 
that end-to-end contractions can occur 
before regeneration of the giants is com¬ 
plete. Bovard (14) found that when the 
cord is transected, the giant fibers regen¬ 
erate later than the fibers concerned with 
normal locomotion and that the action 
of the giants can be stopped by stovaine 
without affecting that of the bulk of the 
fibers in the cord. He concluded that the 
giant fibers arc not associated with normal 
locomotion but with rapid impulses in¬ 
volved in responses of the entire animal. 
Yolton (137) cut the dorsal giant fibers 
while the rest of the cord was left intact 
and found a loss of these quick end-to- 
end contractions. Single giant fibers were 
cut by Stough (113) who maintained that 
the median dorsal giant fiber of Lumbricus 
conducts postcro-antcriorly while the two 
lateral ones conduct antero-posteriorly. 
Eccles, Granit, and Young (19) studied 
the action potentials in the giants instead 
of muscular activity. They disagreed 
with Stough by stating that these fibers 
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can conduct in either direction and that 
apparently the slow impulse mentioned 
above travels in the lateral fibers and the 
fast one in the median giant fiber. Pros¬ 
ser (ioo) found that in embryos of Eisenia , 
the end-to-end contractions do not appear 
until after a giant fiber is differentiated. 
It may be concluded that the giant fibers 
conduct rapid impulses which are involved 
in rapid contraction of both ends of the 
earthworm. Whether they are polarized 
or not requires further investigation. 

The problem of cephalic dominance is 
also of importance in the physiology of 
the nervous system of the earthworm. 
Histological as well as functional evi¬ 
dence indicates that the ventral nerve 
cord is largely motor and the brain sensory 
in function. Janzen (63) claimed that 
removal of the cerebral ganglion inter¬ 
feres very little, if at all, with most motor 
activities, but that motor centers exist in 
the ventral ganglia, their effect being 
strongest in the subpharyngeal ganglion 
and decreasing posteriorly. He says, for 
example, that behavior when the anterior 
end is hung over the edge of a plate is 
largely controlled by the subpharyngeal 
ganglion. 

Friedlander (37) found that brainless 
worms are restless and active, that they 
crumple the anterior tip, burrow very 
reluctantly, but enter into coitus, and 
crawl normally. Yerkes (136) and Heck 
(48) taught earthworms to run simple 
“T” mazes. They found that when the 
first four segments were removed, the 
ability to run the maze was retained. 
Fockc (31) said that when the brain is 
removed, an earthworm swings its head 
about more than usually, turns over 
normally when placed on its dorsal side, 
and burrows into the substratum but 
requires thirty minutes to burrow as 
contrasted with two minutes normally. 
These effects indicate slight sensory defi¬ 


ciency resulting from loss of the brain 
and no interference with motor activity. 

The effect of the brain on responses to 
light has been more thoroughly investi¬ 
gated. Graber (41), Loeb (82.), and Hesse 
(55) stated that when the anterior four 
or five segments are removed, earthworms 
aggregate in the dark regions of a box 
nearly as frequently as do normal worms. 
In 1914 Hess (50) maintained that when 
the brain is removed from Lumbricus the 
responses to light of moderate intensity 
arc reversed from negative to positive. 
Nomura (91) obtained similar results with 
Eisenia. Prosser (101) found that separa¬ 
tion of the two lobes has nearly the same 
effect upon responses to light in Eisenia 
as docs removal of the brain, and that 
subjection to low temperatures or injec¬ 
tion of depressant drugs over the brain 
also have essentially the same effect. He 
concluded that normally the tracts in¬ 
volved in this response cross from one 
side of the brain to the other and that 
this crossing-over may explain the re¬ 
versal on removal of the transverse tracts. 

It may be concluded that physiological 
studies of the nervous system of the earth¬ 
worm do not completely support the con¬ 
clusions concerning function drawn from 
morphological observations. The func¬ 
tions of the peripheral plexus are still 
uncertain, although it is probably largely 
sensory in nature. Physiological evi¬ 
dence docs not support the idea that the 
subepidermal plexus is a non-polarized 
nerve net. The evidence of Ecclcs, Granit 
and Young concerning rapid conduction 
in both directions in the giant fibers does 
not support Stough’s conception of seg¬ 
mental synapses in them. It is certain 
that the ventral ganglia are largely motor 
and the brain is almost entirely sensory, 
but quantitative measurements of such 
effects arc entirely lacking. It has been 
demonstrated that there is antagonism 
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between circular and longitudinal muscles, 
but very little is known concerning the 
mechanism involved. 

In conclusion, although the earthworm 
has contributed to many problems of 
invertebrate neurology, at least three gen¬ 
eral problems have been treated more con¬ 
clusively in the earthworm than in other 
animals. It was stated above that most 
of the histological evidence indicates that 
the peripheral plexus of the earthworm 
is a true nerve net with continuity of 
fibers. The functional evidence, how¬ 
ever, strongly indicates that the periph¬ 
eral plexus does not function as a non¬ 
polarized net, at least not with respect 
to the impulses involved in epithelial 
secretion and in coordinated muscular con¬ 
traction. Thus, the nerve cord is essen¬ 
tial to normal locomotion, and Friedlandcr 
is fully supported in his postulate of 
reciprocal reflex contractions of both 
muscle layers resulting from stimulation 
by tension and contact. On the other 
hand, some reactions appear to be under 
peripheral control. The importance of 
peripheral receptors is indicated by co¬ 
ordination anterior and posterior to a 
region lacking the tterve cord and by the 
responses of muscle-skin preparations. It 
is probable that these peripheral receptors 
are connected with the muscles both by 
fibers originating in the peripheral plexus 
and by others from the segmental nerves. 
It appears, therefore, that the earthworm 
falls between the polychaetes, in which 
the central nervous system controls peri¬ 
staltic contractions, and the flatworms, 


in which peripheral elements are more 
important. 

The earthworm has contributed more 
than other forms to a second important 
problem,—the structure and function of 
the giant fibers. According to the above 
evidence these fibers are unlike most others 
structurally and functionally. These big 
myelinated bundles of axones have abund¬ 
ant connections with cells, with the 
neuropile, and with each other. They 
conduct rapid impulses involved in de¬ 
fensive reactions of the entire animal, and* 
there is coordination not only throughout 
each giant trunk but also between the two 
lateral fibers. Apparently these giant 
fibers lack the segmental independence of 
most neurones of the cord, yet segmental 
septa indicate that each fiber is not one 
long axone extending the entire length 
of the worm. The function of these 
segmental septa is an important problem 
for the future. 

The earthworm is one of the simplest 
forms in which cephalic dominance in 
the central nervous system has been clearly 
demonstrated. The distribution of nerves 
in the anterior segments indicates fusion 
of the ganglia of the first three segments. 
The subpharyngeal ganglion is important 
in regulating the motor activities of the 
rest of the cord. The brain is a sensory 
center and controls some types of be¬ 
havior of the earthworm such as the 
responses to light. 

This review was prepared in connection with two 
experimental investigations (100 and 101), and the 
author is indebted to Professor S. O. Mast for many 
helpful suggestions. 
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THE HABITS AND CHARACTERISTICS OF NOCTURNAL 

ANIMALS 

By STANTON C. CRAWFORD 
University of Pittsburgh 


A consideration of problems 
associated with the nocturnal 
activity of animals tends to 
become as complicated as it is 
interesting. The contributions of several 
branches of biological investigation must 
be drawn together before even a fairly 
complete picture appears. This discus¬ 
sion of the conditions of life at night, 
the possible advantages of the nocturnal 
habit, and the usefulness at night of the 
several senses follows records of the writer 

C 3 i, l 2 -’ 33 )> Park » al • ( 3 1 * V) and 
many others on the nocturnal and cre¬ 
puscular activity of various animals. In 
the interest of brevity references are cited 
only in connection with newer, more con¬ 
troversial or more significant phases of the 
discussion. In general, the study is 
limited to a consideration of the arthro¬ 
pods and land vertebrates, although some 
other references are made. 

A. ENVIRONMENTAL FACTORS 

Park and his colleagues (’31) deter¬ 
mined for several Ohio insects of climax 
forests, that for the species studied, and 
within the limits of the ranges of the 
factors observed, nocturnal activity tended 
to increase with the increase of relative 
humidity, decrease of air temperature and 
rate of evaporation. Conversely, noc¬ 
turnal activity tended to decrease with 
decreased relative humidity, increase of 
air temperature and rate of evaporation. 
Similarly Ncchelcs (’27) reports that the 
only factor which has any appreciable 
influence on the nocturnal activity of 


certain cockroaches and mosquitoes is 
air humidity, as influenced by temper¬ 
ature, and its effect on the rate of water 
loss by these insects. The value of in¬ 
creased humidity to nocturnal animals 
receives comment below. Nevertheless, 
at least for vertebrate animals the absence 
of light looms as the most characteristic 
factor of the nocturnal environment. 

The influence of light is apparent in 
most animal forms. Diurnal insects ac¬ 
customed to sleep at night are less active 
or are quiescent on cloudy days. Con¬ 
versely, nocturnal forms shun the light. 
Moonlight tends to enliven diurnal forms 
at night to some extent. Thus, we have 
the calling of day birds and the voicing 
of some primarily daytime mammals at 
night. The phenomenon of phototropism 
is quite familiar. Most butterflies are 
attuned to a high intensity of light, many 
moths to a low intensity, so that bright 
sunlight, which calls forth the one, causes 
the other to retreat; and on the other hand 
a light like that of the candle, so weak as 
not to stimulate a butterfly, produces a 
marked response in the moth. Rau 9, 
*32.) reports for saturniid moths and two 
firefly species that normal activity is 
brought about by certain intensities of 
light, and that these animals respond at 
other than the usual times if the optimum 
light conditions are simulated. Sarnia 
cecropia is reported to fly regularly during 
the hour just before and during the period 
of dawn; Platysamia cynthia and Telea 
polyphemus to have a period of flight in 
the hours before midnight and another at 
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dawn; Callosamia promefhea to fly in the 
late afternoon. Pbotinus pyralis is reported 
to fly early and in low flight, Pboturis 
pennsylvanica to fly only after dark and at 
higher levels. Allard C31) notes that 
the general trend of the curve of relative 
humidity may be accidentally associated 
with that of the sunset curve. He be¬ 
lieves the activity of fireflies to be deter¬ 
mined by a more or less specific level of 
light intensity operating through the 
visual sense. 

B. POSSIBLE ADVANTAGES OF THE NOCTURNAL 
HABIT 

In considering the reason for the ac¬ 
tivity of certain forms at night while the 
greater part of the animal world sleeps, 
there appear certain probable advantages 
which may or may not constitute sufficient 
reasons for the adoption of the noc¬ 
turnal habit. It would not be supposed 
that, except in the higher mammals, 
the night time is consciously chosen 
on account of any of these advantages. 
It might be considered that these benefits 
associated with nocturnal activity were 
factors that in some way and over a long 
period of time made these various races 
nocturnal in habit. Now inherent in 
these forms of life, the propensity for 
nocturnal activity expresses itself when 
the stimuli of nocturnal factors recur in 
nightly rhythm. However, some animals 
show a recurring nocturnal-diurnal 
rhythm when they arc kept in the labora¬ 
tory under constant conditions of illumi¬ 
nation, humidity and temperature (Welsh, 
’30b; Park and Keller, *31). 

The most evident advantages of the 
nocturnal habit arc: 

1. Avoidance of natural enemies active in 
daylight 

Thus, many spiders seek seclusion dur¬ 
ing the day, when they arc the likely fare 


of reptiles and birds, and sought by many 
Hymenoptera. Millipedes and centipedes 
are eaten by various birds and reptiles. 
Mantids and walking-sticks are the food 
of lizards and birds, although they are 
seemingly protected in both color and 
form. Even roaches are eaten by day¬ 
time birds. Toads and frogs are eaten by 
hawks and snakes. Harvestmen, crick¬ 
ets, certain beetles, many moths, certain 
ants, various bats, rats and mice are other 
forms which may find activity at night a 
means of avoiding many daytime enemies. 

There is greater safety at night for the 
uninterrupted feeding of herbivorous ani¬ 
mals, such as fruitbats, capybaras, agoutis, 
rabbits, sloths, deer, moose and tapir. 
Animals engaged in feeding activities are 
apt to be especially vulnerable to their 
natural enemies. 

2. Easier acquirement of the preferred food 
at night 

This may be due to the invisibility of 
the hunter, the plentifulness at night of 
the intended prey, or the greater ease of 
detecting victims by the sense of smell. 
Odors remain longer in the air at night, 
due to greater humidity, and the relative 
absence of upward air currents. Further, 
if the prospective victims are themselves 
typically diurnal, they are more vulner¬ 
able at night on account of sleep or its 
equivalent, or their poorer adaptation for 
successful nocturnal activity. Such an 
advantage may be realized by carnivorous 
animals, including scorpions, spiders, 
tarantulas, centipedes, and among the 
vertebrates, alligators, boas, anacondas, 
pit-vipers, owls, most bats, raccoons and 
the various cats. 

Scavengers and general feeders may be 
able to find food with more ease at night, 
due to better conditions for the use of the 
olfactory sense. Here might be listed the 
millipedes, roaches, many beetles, and the 
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vertebrate opossums, kinkajous, and 
armadillos. 

y Avoidance of excessive evaporation from 
the body 

The atmosphere is at night as a rule 
cooler and damper than in the daytime. 
Animals that from the nature of their 
external covering would suffer from ex¬ 
cessive evaporation through daytime ac¬ 
tivity, and would conceivably benefit 
from the nocturnal habit include earth¬ 
worms, snails, Peripatus, cockroaches, 
mosquitoes, termites, toads and treefrogs. 
Thus Ncchelcs (’Z7) reports that mosqui¬ 
toes seem to prefer a relative humidity of 
75 to 85 per cent, and that they retire 
during the day to avoid the excessive 
evaporating influence of daytime air with 
its low humidity and higher temperature. 

4. Easier communication at night 

Sounds produced have less competition, 
odors travel farther and arc apparently 
stronger in the damp air. Photogenic 
organs are of value at night and useless 
by day. These advantages will be dis¬ 
cussed under the heading “Usefulness of 
the several senses at night.’* 

Some forms seem to benefit in two or 
three of these ways. In any one species, 
the reasons applicable can only be con¬ 
jectured. Not all of the animals active 
at night can be seriously placed under any 
heading. Thus the fact that the long¬ 
horn grasshoppers are in some species 
nocturnal, in some diurnal, while prac¬ 
tically all arc apparently protectively 
colored and all face the same conditions, 
is difficult to explain. Along with almost 
any form active at night for any apparent 
reason, can be found a closely related form 
not active at night, yet exposed to the 
same conditions. The problem is hence a 
very complex one. 


C. USEFULNESS OF THE SEVERAL SENSES AT 
NIGHT 

When we seek to determine the adapta¬ 
tions exhibited by forms active at night, 
we encounter again much uncertainty. 
Such differences in sense organs as exist 
between nocturnal and diurnal forms of 
close relationship are differences of degree 
rather than of kind. There are a few 
definite adaptations in the way of light, 
sound and scent production. Neverthe¬ 
less, with the possible exceptions of 
luminescence and some adaptations of 
vision, there is observed no modification 
which might not be fully as useful by 
day as by night. Our judgment is that 
the extreme development of some of these 
specializations of form and function is not 
so necessary by day as by night. The 
species described might be capable of 
successful nocturnal existence without any 
or all of the unusual modifications which 
they exhibit. The crucial point of devel¬ 
opment of each sense necessary for the 
successful nocturnal activity of each ani¬ 
mal would be very difficult to determine, 
especially since the senses are not em¬ 
ployed singly so often as collectively. 

It would be difficult to tabulate in 
exactly certain order the relative useful¬ 
ness of the various senses at night. The 
sense of smell is probably of greatest im¬ 
portance, and that of sight might be 
named last, but this arrangement would 
be questioned. It must be remembered 
that our ideas in regard to the sensations 
of animals other than ourselves, of inverte¬ 
brates certainly, are only inferences from 
our own sensory experiences, and hence 
doubtless often inadequate and erroneous. 
We can never be sure that lower animals 
experience sensations in the same way 
that we do, even if the necessary receptor 
organs seem to exist. 
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i. The sense of smell 

For purposes of communicating through 
this sense, it would be expected that the 
odors perceived by some individuals would 
be produced by others. Many such or¬ 
gans of scent production arc known and 
there arc undoubtedly many yet to be 
discovered. Numerous nocturnal animals 
have the necessary equipment. Harvest- 
men have scent glands near the anterior 
margin of the ccphalothorax. In milli¬ 
pedes scent glands arc present on various 
body segments. Walking-sticks have 
thoracic scent glands, used primarily for 
defense. The roaches have scent glands 
in certain abdominal segments, and give 
off a discernible fetid odor. Odor plays 
a very prominent part in the organi¬ 
zation of termite colonies. In moths, 
glandular scales producing odor occur on 
the wings of various species, and at least 
in some groups the females possess a 
paired scent organ in the last abdominal 
segment. Army ants have a strong odor 
on which the organization of the colony 
depends heavily. The odor is produced 
by the pulvinate glands of the poison ap¬ 
paratus. Odors are also given off by 
the bugs and fireflies. Alligators produce 
musk from skin glands beneath the chin. 
Mammals yielding scent include the rac¬ 
coon, skunk, porcupine, the cats, pec¬ 
caries, muskrats, deer, elk, armadillos, 
and others. It will be noted that in 
addition to its usefulness in communi¬ 
cation, scent production may be of value 
in defense, and in making the producing 
organism unpalatable to its enemies. 

There is a wide variety of receptor 
mechanisms. Although spiders seem to 
have a well-developed sense of smell, the 
receptors apparently have not yet been 
located, unless certain hairs are olfactory 
in function, or the “lyriform organs” 
function in that capacity. However, 
Baerg (’i8) indicates that tarantulas de¬ 


pend entirely on touch to locate food, 
seemingly placing no dependence on ol¬ 
factory organs. In crickets the abdominal 
cerci arc probably partly olfactory in 
function, as they are in roaches. Glaser 
(’27) shows that chemoreceptors are lo¬ 
cated also on the antennae of roaches, 
and that these are effective in detecting 
odors from a distance. In moths the an¬ 
tennae arc probably chiefly olfactory in 
function and are more developed in the 
male (Mayer, *oo). In Diptera, where the 
sense is well developed, work of Lieber- 
mann (’15) shows a rich supply of ol¬ 
factory organs on the antennae. Olfac¬ 
tory organs may exist elsewhere than on 
the antennae. Indeed, Mclndoo (*34) re¬ 
ports that in the blowfly the olfactory 
function is demonstrated by tarsi rather 
than antennae. Hymenoptera can detect 
delicate odors. Work of Hauser (’8o), 
von Frisch (’n), Vogel (’23) and Wacker 
(*2.5) has designated the antennae as 
carrying olfactory organs in many species. 
Mclndoo (’14 a, b, c; ’16; ’20) has reported 
the sense to be resident in other portions 
of the body as well. Some beetles (Val¬ 
entine, ’30) also have olfactory organs on 
the antennae. In other beetles the sense 
organs seem to be widely scattered over 
the body (Abbott (*27 a, b), Mclndoo 
C* 9 ). 

There are organs of other types which 
may be suspected of having an olfactory 
function, although this may be mixed 
with other sensations received from the 
same organs. 

The well known nasal olfactory ap¬ 
paratus of the vertebrates needs no com¬ 
ment here. 

Since the necessary equipment thus 
seems to exist in all of these groups, the 
olfactory sense may be suspected of func¬ 
tioning at night in at least four ways. 

a. Congregating of individuals of the same 
species , and trail-following . Invertebrates 
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employing the sense for these purposes 
would include moths, termites and ants. 
In the last two groups named, the activity 
of the whole colony is doubtless directed 
chiefly by scent and odor. Some verte¬ 
brates that could be named in this con¬ 
nection are muskrats, beavers, raccoons, 
cats, porcupines, armadillos, bears and deer. 

b. Sex attraction , by means of “alluring 
glands .” Moths, beetles, roaches, walk¬ 
ing-sticks and, among the vertebrates, 
alligators, deer, cats and peccaries would 
come in this category. The females of 
many moths and beetles, especially, emit 
an odor that attracts the males, often in 
considerable numbers. Sometimes the 
males also possess such glands. 

c. Location of food. Animals in which 
this may be an important use of the sense 
are roaches, beetles, moths, mosquitoes, 
ants, armadillos, bears, porcupines, foxes, 
weasels, mice, rats, opossums, rabbits, 
raccoons and many others. 

d. Detection of enemies and friends. This 
is apparently an important use of the 
sense in many vertebrate forms such as 
bears, deer, antelope and tapir, such 
invertebrate groups as the ants and 
termites, and doubtless many other 
insects. 

2. The sense of taste (closely associated with 
the olfactory sense ) 

Among the invertebrates the organs of 
taste are difficult to demonstrate with 
certainty. Glaser (*17) reports chemore- 
ceptors on the maxillary and labial palps 
of roaches. Minnich ('iza, ’2.2.b, *i6a, 
’2.6b, *31) reports taste in the tarsi as 
well as the mouthparts of the butterfly 
and of the fly. In the honeybee, he (*31) 
reports contact chemoreccptors concerned 
with food choice in the antennae and first 
pair of legs as well as in the mouth parts. 
He concludes: “Taking bees, butterflies, 
and flies collectively, instances of contact 


chcmoreceptors can be found in all or 
practically all of the head and thoracic 
appendages. It is suggested, therefore, 
that the ancestral insect may have pos¬ 
sessed such receptors in each of its ap¬ 
pendages.” Probably the sense is very 
generally developed throughout the 
groups of non-aquatic invertebrates. 

No special development of this sense 
would be expected in nocturnal animals 
beyond the conditions found among their 
daytime relatives. Perhaps our ideas on 
this point do not coincide with the actual 
situation, however, since the sense is so 
much more highly developed among many 
invertebrates than in ourselves,and hence 
probably much more significant in their 
lives than in ours. The occurrence of 
organs of taste in tarsal and antennal 
structures would seem to give the sense 
special usefulness at night for finding and 
inspecting food, if any species possessing 
such special equipment are active in the 
dark. Organs of taste certainly have 
large usefulness at night for inspecting 
food that cannot be seen. 

Perhaps the only possible distinction 
between the senses of smell and taste is 
that if these end organs actually come in 
contact with the food they are considered 
gustatory; if they do not, they are con¬ 
sidered olfactory. Both of these senses, 
when resident in antennal structures, are 
closely associated with that of touch, next 
to be discussed. There would thus be a 
contact-chemical sense of simple unified 
character. 

Nocturnal arthropods which obviously 
have very delicate antennae on which 
they depend heavily for sensory experi¬ 
ences include centipedes, crickets, walk¬ 
ing-sticks, roaches, termites, ants, moths, 
midges and mosquitoes. They are doubt¬ 
less just as important in other insects 
whose antennal equipment is not so ap¬ 
parently depended upon. 
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The sense of touch 

Organs of touch arc of value at night 
in moving about, in inspecting food or 
other objects encountered, and in per¬ 
ceiving vibrations, this last faculty pass¬ 
ing into that of hearing, which will be 
considered separately. Among the in¬ 
vertebrates many sensitive and elaborate 
devices for stimulating end organs arc 
found. Delicate tactile hairs arc distrib¬ 
uted over the body and appendages in 
many species. The antennae have already 
received comment. 

In the vertebrates, aside from the general 
sensitivity of the skin, we find such special 
developments as the vibrissae of rodents 
and various other mammals, the delicate 
muzzle of the deer, and the very sensitive 
organs of the nose and wings of the bat. 
Lynn C30) reports that the facial pits of 
the pit-vipers function in the perception of 
air vibrations. The pit membrane is a 
modification of the integument of the 
head. All of these organs are devices for 
stimulating nerve terminations. 

• 

4. The thermal sense 

Closely associated with the tactile sense 
is sensitivity to temperature. Wheeler 
(*z6) notes concerning ants, “that these 
insects have a delicate temperature sense, 
although the location and nature of its 
organs arc quite unknown, is shown by 
many of their habits, notably by the way 
they regulate their hours of activity. 
Temperature, correlated of course with 
humidity and air movements, doubtless 
affects the degree of activity of many ani¬ 
mal forms. Kennedy (*17) notes that in¬ 
sects, with a large surface-to-volumc ratio 
and coldblooded nature, have a special 
problem with reference to temperature 
changes. 

The sense of hearing and sound production 

The sense of hearing is closely allied to 


that of touch. Sound production and 
reception is an important means of com¬ 
munication between members of the same 
species at night, as well as by day, and is 
important in the detection of approaching 
enemies or victims, as the case may be. 
Sound-making serves to frighten away 
enemies, to warn others of their approach, 
to attract and woo mates, to communicate 
general information. Noble C31) sa y s 
that “the chief function of the voices of 
frogs and toads is to attract mates, “ but 
lists other possible uses of the voice. Ver¬ 
tebrates apparently depending at least in 
part on this sense for communication at 
night include alligators, some geckoes, 
owls, goat-suckers, shrews, bats, mice, 
cats, foxes, coyotes, rabbits and hares, 
howler-monkeys, and many others. 

Among invertebrates (both nocturnal 
and diurnal), sound is produced by stridu- 
lating organs or other sound-making 
devices, through the use of vibratory struc¬ 
tures of various types, or the tapping of 
surrounding objects. 

Many spiders have stridulating organs, 
but the stridulation is not always audible 
to human cars. These organs occur vari¬ 
ously on the mouthparts, or thorax and 
abdomen. Since no certain auditory ap¬ 
paratus has been discovered in the spiders, 
it is probable that these stridulatory organs 
are for giving warning signals to other 
animals, not for use as means of communi¬ 
cation with other spiders. Indirect evi¬ 
dence that spiders can hear is, however, 
presented by the fact that in certain groups, 
the males alone have stridulatory organs. 
Unless the females have auditory powers, 
this fact is difficult to explain. 

Among wood-boring beetles, ticking or 
clicking serves as a means of communica¬ 
tion, and doubtless helps to keep the 
colony together. Thus Passalus beetles 
have stridulatory organs on the abdomens 
of adults, on the middle legs of larvae. In 
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the 4 ‘death-watch* * beetles such ticking is 
believed to function in attraction of the 
opposite sex. The tegmina of male 4 ‘grass 
hoppers’* are furnished with stridulating 
organs. Auditory tympana are present 
in the fore tibiae. Male crickets stridu- 
late by means of a file and scraper arrange¬ 
ment on the wings. Crickets have tym¬ 
pana on the fore tibiae, except in a mute 
wingless species. Mole crickets have 
tympana in the fore tibiae. The males 
can produce a dull jarring note. Among 
crickets and grasshoppers, the females are 
attracted to the males by their chirping. 
The synchronous chirping of two or more 
males seems to show that sound is heard 
by them as well as by the females. Allard 
(*2.8) points out that the stridulation of 
Orthoptera possesses tonality in the case 
of the crickets, highly specialized tech¬ 
nique and variety among the katydids, and 
rhythm in both of these groups. Vibra¬ 
tion of wing elements is the stridulating 
device most frequently observed in Orthop¬ 
tera. 

Some moths apparently possess stridu¬ 
lating organs. Wing vibration may func¬ 
tion as a means of attracting the opposite 
sex, but according to the Raus (’2.9) this 
assists in the dissemination of the odor 
which is known to be an effective agent. 
The vibration may not be attractive in 
itself. 

In mosquitoes the humming of the wings 
is a means of communication. Some of 
the delicate fibrillae of the bushy antennae 
of the male vibrate sympathetically with 
the wing note of the female. Child (’94) 
describes an experiment conducted with 
the aid of a tuning fork and concludes that 
the vibration of the fibrillae acts upon a 
complex organ found in the second basal 
segment of the antenna. As this organ 
functions only when the hairs are at the 
proper angle to the sound waves, the male 
mosquito can perceive, not only the sound 
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but also the direction of it. Buzzing is 
a means by which female flies attract 
males. 

Some bees doubtless influence others by 
buzzing. Among ants chordotonal organs 
may occur in the tibiae of all pairs of legs, 
at the bases of the antennae, and elsewhere 
on the body. Ants exhibit varying stridu- 
latory powers. 

It must be remembered that many sounds 
that we cannot hear, because of their being 
too high or too low in pitch, are produced 
and heard by other animals. This is es¬ 
pecially true of the insects. Further, the 
kind of sound to which the human mind 
adjusts itself evidently differs from that 
which is most significant to the animal. 
Man is rather little concerned with the 
sounds and noises which the things them¬ 
selves produce and which are meaningful 
for the animal. The sounds which most 
often concern man are those of organized 
speech which merely refer to the objects. 

6. Light production and the sense of sight 

Among arthropods light is produced 
by fireflies of both sexes and the larvae, the 
elaters and their larvae, and by numerous 
other forms (Harvey, *io). The photo¬ 
genic organs of lampyrids consist of 
granular cells enclosed in a network of 
fine tracheae. These cells have the power 
of secreting a substance which is luminous 
when acted upon by oxygen from the 
tracheae in the presence of moisture. 
Fundamentally, this effect seems to depend 
upon a luciferin-luciferase reaction (Har¬ 
vey, ’2 jo, *31), although not all luminous 
animals give the reaction (Harvey, *l6). 
There are various luciferins and lucifer- 
ases, specific for the forms exhibiting them. 
These are similar in closely related lumi¬ 
nous species, relatively unlike in more dis¬ 
tantly related forms. There is a reflecting 
layer of cells beneath the photogenic cells. 
The reflecting medium is a white urate, 
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secreted by the cells of this deeper layer. 
The mass of branching tracheae makes 
possible the rapid oxygenation and the 
resulting flash of the fireflies. Allard (’31) 
notes that the rate of flashing may be 
modified by temperature. Light so pro¬ 
duced ranges among various animals from 
green to various shades of red, purple and 
violet. Several colors may be emitted by 
different organs on the same animal. Snell 
(*31), working on Pboturis Pennsylvania , 
concluded 

that the mechanism controlling the flashing is respon¬ 
sive to nervous and to direct electrical stimulation, 
that it effects the control by regulating the admission 
of oxygen to the cells containing the photogenic 
substances, and that variation in the character of the 
flash is brought about by variation either of the num¬ 
ber of units stimulated or of the amount of stimulation 
and response (admission of oxygen to the cells) in 
the unit involved. The tracheal end cell, which has 
for a long time been considered by histological in¬ 
vestigators to be responsible for the control of lu¬ 
minescence, is certainly the responsive mechanism 
in this control. 

There are many gradations in complexity 
of light organs among various animal 
Species. 

Light production has sometimes been 
considered as simply a by-product of 
metabolism, but the phenomenon that has 
been often observed (recently, Morrison, 
’19; Howard, ’2.9; Merrill, ’30; Richmond, 
*30; Rau, *31) of the synchronous flashing 
of the fireflies in a given area, would seem¬ 
ingly indicate that the light produced by 
one is perceived by other individuals, and 
that they are influenced by it. (However, 
Rau interprets this as being originally a 
simultaneous response of individuals to a 
sudden environmental change, followed 
by accidental flashing in unison until they 
“break step.”) The flashing of fireflies 
has also been observed to have a part in sex 
attraction (McDermott, ’ix; Mast, ’n). 
The luminous “eyes” of adult claters arc 
thought by some to be of “horrifying” or 


warning intent. Harvey (’io) writes that 
some animals possess a periodicity of 
luminescence. They only luminesce at 
night and are difficult to stimulate during 
the day. Further, these animals are nega¬ 
tively heliotropic to a very strong extent, 
and lie hidden during daylight. 

The opportunity for the employment 
of the sense of sight at night is quite 
limited compared to its daytime impor¬ 
tance. However, some animals can ap¬ 
parently sec quite well, even when there 
is no moon. That eyes are subject to 
adaptation is eloquently testified by the 
fact that cave animals have degenerate eyes 
or are eyeless. 

Concerning visual cells in general, it is 
evident that eyes may perform three func¬ 
tions, to determine the intensity of light, 
to perceive the direction of illumination, 
or to record light-images of the objects 
from which the rays come. Some eyes 
have all three functions. The body sur¬ 
face of some animals contains other light- 
sensitive cells than those in the eyes, and 
these can perceive light and even its direc¬ 
tion. If deprived of its eyes, a frog can 
still orient itself to a light beam. Such 
perceptive cells are also possessed by the 
earthworm, and by the crayfish. In this 
discussion we shall disregard the possible 
occurrence in the forms studied of light- 
sensitive cells other than those in eyes, 
and shall speak only of visual cells that 
are grouped into eye structures. 

The types of eyes to be considered are: 

a. Ocelli , or similar structures , of inverte¬ 
brates. Beneath a simple polished lens is 
a vitreous body and retina, along with 
nerve fibers, pigmented hypodermis cells 
and accessory cells. A reflecting tape- 
turn may or may not back up the ocellus. 
When present it supposedly assists in noc¬ 
turnal vision or at least in light perception. 

Both ocelli and compound eyes arc 
present usually, but the ocelli may be 
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totally absent, as in beetles; compound 
eyes may be lacking, as in spiders, milli¬ 
pedes, centipedes, Collcmbola; or both 
sorts of eyes may be practically absent, 
as in some ants and termites except winged 
reproductive individuals. There are many 
variations of each type of eye. 

b . Compound eyes , of invertebrates. Be¬ 
neath each of the many facets in arthropod 
eyes is an ommatidium, consisting besides 
the cornea of lens, rhabdome and retinula, 
pigment, both distal (iris) and proximal 
(retinal), sometimes accessory (tapetal) 
pigment cells, a basement membrane, and 
fibers of the optic nerve. In bright light 
the pigment cells elongate around the 
ommatidium and absorb the excess of 
light. In dim light they shorten, absorb¬ 
ing a minimum amount of light, and per¬ 
mitting a maximum amount of it to reach 
the rhabdomes. On account of the with¬ 
drawal of pigment the image formed by 
night-eyes is probably superimposed to 
some extent, being reinforced by adjacent 
ommatidia; that of day-eyes is mosaic. 
Some eyes are fixed as day-eyes, with much 
pigment; some as night-eyes, with little 
pigment; some are capable of the adjust¬ 
ment described. 

Welsh (’30a, b) describes a very definite 
migration of distal pigment in eyes of cer¬ 
tain shrimps. In another study (’32.) he 
writes that the tapetal or reflecting pig¬ 
ment of crustacean eyes consists of amor¬ 
phous guanin which forms a layer behind 
the image receptors, thus increasing eye 
efficiency at low light intensity. This 
remarkably effective reflecting pigment 
moves under the influence of light and dark 
and is especially motile in certain tropical 
fresh-water crustaceans which arc mainly 
nocturnal. The nature of the movement 
of guanin particles seems to approximate 
the movement of melanin in melanophorcs, 
with an additional movement amoeboid 
in character. In two Cuban species the 


distal pigment cells of the eye show a 
daily rhythmical movement even under 
constant illumination. He believes the 
movement to be controlled directly by the 
blood, indirectly by the nervous system. 
The reflecting and retinular pigment fails 
to show this rhythm, thus indicating that 
the two sets of pigment arc independently 
controlled. Ordinarily the proximal re¬ 
tinular pigment streams distally in the 
light, proximally in darkness. Bennitt 
(’31) also observed rhythmical activity of 
the proximal pigment cells of the crayfish, 
in the absence of the usual stimuli promot¬ 
ing such changes. He ascribes this 
rhythm to a metabolic periodicity acting 
through the circulation, and roughly 
correlated with the periods of light and 
darkness to which the animal is sub¬ 
jected in nature. In another paper he and 
Merrick C32.) present evidence that distal 
migration, of proximal pigment, while 
influenced primarily by light, may be 
induced by agents such as low tempera¬ 
ture and carbon dioxide, which reduce the 
metabolic rate of the animal. 

Sharp (*i8) describes the divided com¬ 
pound eyes of mayflies as having two parts; 
one of which is a day-eye, and the other a 
night-eye, with the two parts widely 
separated so that the insect appears to have 
two pairs of compound eyes. The portion 
of the eye that functions as a day-eye is 
composed of much smaller facets and the 
pigment mechanism is that characteristic 
of day-eyes. The part of the eye that 
functions at night is composed of larger 
facets and is fitted to produce a superim¬ 
posed image. 

Hanstrom (’2.7) believes that in insect 
eyes the shorter retinal cells may be com¬ 
pared with the rods, the longer ones with 
the cones of vertebrates. 

c. Vertebrate eyes. The well-known ver¬ 
tebrate eye needs no description. There 
are various devices for adapting such eyes 
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to the amount of light received, either 
temporarily or habitually. 

The phenomenon of pigment migration 
in cells of the epithelial layer of the retina 
occurs quite commonly. As Laurens and 
Dctwiler (’n) explain in the case of the 
alligator eye, in twilight vision, when the 
rods alone arc capable of being stimulated 
to any degree, or in complete darkness, the 
pigment moves back and leaves the spaces 
between the rods free. Owing to re¬ 
fraction and diffusion, the effect of dim 
light is greater than if the rods arc covered 
by pigment, when the light can only pass 
along the axis of the rod. The cones in 
twilight vision arc not functional, on 
account of their high threshold. They 
elongate and move out of the way. The 
rods contract, coming into their best posi¬ 
tion. 

In bright light, the pigment migrates 
and protects the rods, which have a low 
threshold, and are made particularly sensi¬ 
tive by the accumulation of visual purple 
in the dark. The rods elongate, the less 
sensitive cones are drawn out of the pig¬ 
ment by contraction of the myoids, and 
’arc thereby made accessible to stronger 
light stimulus. 

Walls 08 ) writes: 

If the photomechanical changes in the retina be 
considered from a comparative standpoint, their 
story is one of degeneration. In the fishes the phe¬ 
nomena are rapid and pronounced; in the amphibians 
they are less rapid and in general less marked, though 
still obviously of functional value; in the reptiles only 
long exposures have resulted in measurable differences 
in pigment and cone positions in light and darkness. 
In the mammals, the phenomena seem to have prac¬ 
tically disappeared. 

Nocturnal, animals generally show a 
preponderance of retinal rods, while diurnal 
species often possess more cones than rods. 
Rods, the mechanism of vision in dim light 
(of brightness, not of color) are the only 
visual cells found in the eyes of some noc¬ 


turnal geckoes and bats. Cones, whichfunc- 
tion in both brightness vision and color 
reception, are apparently the only visual 
cells in the eyes of some diurnal lizards. 
Most turtles and many snakes probably have 
only cones. Other forms such as croco¬ 
diles and their relatives and some snakes 
possess both rods and cones. Walls (*32.b) 
after finding visual purple in the eyes of 
many snakes, states that “rods are to be 
expected, either to the exclusion of cones 
or in combination with them, in all Boidae, 
in all Vipcridae, and in such Colubridac as 
have vertical pupils.” According to 
Slonaker (’i8) there is a preponderance of 
color-perceiving cones in the sparrow 
(diurnal) retina. Woollard (’27) distin¬ 
guishes between nocturnal and diurnal 
primates on the basis of retinal structure, 
the diurnal species having a dominance of 
cones over rods, especially in the fovea. 
Cones are normally absent in the mouse 
(Keeler, ’2.8; Moody, ’2.9). Verrier (’31) 
reports retinas that seem to contradict 
this Duplicity Theory. The classic defini¬ 
tions of rods and cones are subject to some 
revision. It is possible that a re-examina- 
tion of the visual cells in the retinas which 
she reports to be exceptions may bring 
them into harmony. 

There are other kinds of adaptation. 
Movements of the iris regulate the amount 
of light reaching the retina. Reduction 
of pupil size protects the retina from 
strong light. Dilation makes all possible 
illumination available in dim light. In 
many amphibia the iris is capable of mod¬ 
erate contraction or expansion. Exten¬ 
sive movement may occur in many rep¬ 
tiles, and a vertically elliptical pupil 
characterizes the eyes of numerous noc¬ 
turnal species. Walls C3za) explains 
that “a vertically elliptical pupil is 
capable of more complete closure than is a 
round pupil. . . . The pure-cone reptilian 
eye not being subject to dazzle at ordinary 
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intensities is served quite well by a round 
pupil, while a rod-and-conc eye such as 
that of the rattlesnake must have an 
elliptical pupil. The pure-rod eye some¬ 
times has a pupil which is capable of 
absolute closure, as in many geckoes.” 
He also notes that all mammals which 
have vertical pupils arc nocturnal, al¬ 
though most nocturnal mammals have 
round pupils. Kolmcr (’i6) reports for 
bats an especially developed sphincter 
muscle in the iris. Most nocturnal birds 
have large eyes with pupils capable of 
exceptional dilation. Walls (’i8) con¬ 
siders the forward evolution of the iris 
reaction, culminating in the very rapid 
and extensive response found in the mam¬ 
mals, to be correlated with the backward 
orthogenesis of photomechanical changes, 
as noted above. He observes “Certainly 
the rapid pupil reaction, measured in 
seconds, is a decided improvement over 
the sluggish pigment and cell movements 
whose minimum reaction time at best, 
in certain fishes, is many minutes.” 

Walls C31) also indicates that we may 
expect to find colorless lenses in the eyes 
of nocturnal snakes, for reasons opposite 
to those that have brought about yellow¬ 
ness of lens (promoting visual acuity) in 
several diurnal species investigated by 
him. He writes that “Snakes with ver¬ 
tical pupils and nocturnal habits would 
have no need of yellow lenses, in fact such 
would be absolutely detrimental to a 
nocturnal snake since they would decrease 
the already low intensity of the available 
illumination.” This principle holds true 
in other animal groups. Walls and Judd 
C33) observe that typical nocturnal verte¬ 
brates also have clear corncae and color¬ 
less droplets in the retinal cones. (Rods 
possess no droplets.) Usually there are 
neither colored maculae nor plexuses. 
That is, nocturnal vertebrates usually lack 
the yellow and red intraocular filters 


found in one or another of these forms in 
most sun-loving species. 

In nocturnal mammals Kahmann (’30) 
observes that the eye and lens are relatively 
large, the lens strongly curved and highly 
refractive. He reports that in Ungulates, 
Carnivores and Primates the ciliary muscle 
is well developed and accommodation is 
better than in other forms examined, but 
he believes that in general there is little 
accommodation in the eyes of nocturnal 
lower mammals, due to the size and hard¬ 
ness of the lens. 

The presence of a tapetum is an almost 
absolute criterion of a nocturnal animal. 
This structure behind the retina reflects 
back the light entering the eye, causing 
the well-known shining of eyes in the 
dark. This may be observed in the eyes of 
cats, opossums, kinkajous, alligators, etc. 
It is believed that reflection increases the 
effect of a faint light, by causing it to pass 
through the retina a second time. In 
structure the tapetum varies among differ¬ 
ent groups. In alligators it consists of 
whitish guanin granules included in cells 
of the pigment epithelium. The "tape- 
turn lucidum ,” choroidal reflecting struc¬ 
ture in the eyes of carnivores, ruminants 
and perissodactyls, consists of fibrous tis¬ 
sue. The colors of glow observed in tape- 
tal reflections are probably due to surface 
colors and interference phenomena. 

SUMMARY 

1. Absence of light is the most character¬ 
istic factor of the nocturnal environment, 
for vertebrates at least. Many animals 
appear to be attuned to a certain range of 
intensity of light. The degree of activity 
of nocturnal animals may be modified by 
this and other factors, such as temperature, 
humidity and rate of evaporation. Noc¬ 
turnal rhythms, once established, may be 
exhibited even when the animals arc kept 
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under constant conditions of illumination, 
humidity and temperature. 

z. Possible advantages of the nocturnal 
habit include the avoiding of daytime 
enemies, easier obtaining of preferred 
food, avoidance of excessive evaporation 
from the body, and easier communication 
between individuals. For any one species, 
the reasons applicable can only be con¬ 
jectured. 

3. The adaptations to nocturnal life are 
chiefly the unusual refinements of one or 
more of the senses. These are differences 
of degree rather than of kind and arc diffi¬ 
cult to analyze, especially since the senses 
arc not employed singly so often as col¬ 
lectively. With the possible exceptions 
of luminescence and some adaptations of 
vision, there is observed no modification 
that might not be fully as useful by day 
as by night. 

4. The closely related senses of smell and 
taste (and general chemical sense) arc rela¬ 
tively the most important for nocturnal 
use. The sense of smell, frequently aided 
by organs of scent production, assists in 
the congregating of individuals, in follow¬ 
ing trails, in sex attraction, in locating 
food, and in the detection of enemies and 
friends. The sense of taste has special 
usefulness at night for inspecting food 
which cannot be seen. 

5. The sense of touch is of value at 
night in moving about, in inspecting food 
or other objects encountered, and in per¬ 
ceiving vibrations, this last faculty passing 
into that of hearing. 

6. The thermal sense plays a part in 


regulating the time and intensity of activ¬ 
ity, especially among insects. 

7. The sense of hearing, often correlated 
with sound production, is important in the 
detection of approaching enemies or vic¬ 
tims, and for communication. Sound¬ 
making on the part of animals serves to 
frighten away enemies, to warn others of 
their approach, to attract and woo mates, 
to communicate general information. 

8. Eyes present more definite anatomical 
adaptations for nocturnal life than any 
other sense organs. Light production 
probably has some part in sex attraction 
and congregating, and may serve as a 
warning signal. 

9. The adaptations for nocturnal vision 
found among invertebrates include the 
division of the eye into two parts, each 
with characteristic structure and one of 
which is for nocturnal vision; pigment 
migration; and the presence of a reflecting 
tapetum. 

10. Keenness of vision at night among 
the vertebrates depends anatomically on 
the possession of a rod-rich retina, on pig¬ 
ment withdrawal and rod shortening, and 
often on the presence of a light-reflecting 
tapetum, by means of which the rods are 
doubly stimulated. These processes may 
be accompanied or (especially in mammals) 
even largely replaced by accumulation of 
visual purple and related substances, and 
by iris dilation. Frequently the iris has 
a vertical aperture. Typical nocturnal 
vertebrates lack the yellow or red intra¬ 
ocular filters characteristic of nocturnal 
forms. They also tend to have relatively 
large eyes. Other possibly useful adap¬ 
tations are mentioned. 


LIST OF LITERATURE 

Abbott, C. E. 1917a. Experimental data on the factory powers of the Nccrophori. Ann. Enf. 

olfactory sense of Colcoptera, with special refer- Soc. America , Vol. io: pp. 550-553. 

ence to the Nccrophori. Ann. Enf. Soc. Allard, H. A. 1918. Remarkable musical tcch- 

America , Vol. 10: pp. 107-116. nique of the larger angular-winged katydid. 

-. 1917b. Further observations on the ol- Science , Vol. 67: pp. 613-14. 



HABITS OF NOCTURNAL ANIMALS 


nj 


Allard, H. A. 1931. The photoperiodism of the 
firefly Phot tints pyralis Linn: Its relation to the 
evening twilight and other conditions. Proc. 
Enr. Soc. Wash ., Vol. 33: pp. 49-58. 

Babrg, W. J. 1918. The life cycle and mating 
habits of the male tarantula. Quart. Rev. 
Biol., Vol. 3: pp. 109-116. 

Bennitt, Rudolph. 1931. Diurnal rhythm in the 
proximal pigment cells of the crayfish retina. 
Physiol. Zool., Vol. 5: pp. 65-69. 

Bennitt, Rudolph, and A. D. Merrick. 1931. 
Migration of the proximal retinal pigment in the 
crayfish in relation to oxygen deficiency. Biol. 
Bull., Vol. 62: pp. 168-177. 

Child, C. M. 1894. Ein bisher wenig bcachtetcs 
antcnnalcs Sinnesorgan der Insecten, mit beson- 
derer Beriicksichtigung der Culiciden und Chiro- 
nomiden. Zeits. wiss. Zool. , Vol. 58: pp. 478- 
5x8. 

Crawford, Stanton C. 1931. Nocturnal adapta¬ 
tions. Proc. Pa. Acad. Sci ., Vol. 5: pp. 54-61. 

-. 1931. Twilight and dawn in Guiana. 

Natural History , Vol. 31: pp. 2.07-2.14. 

-. 1933. A survey of nocturnal vertebrates in 

the Kartabo Region of British Guiana. Journ. 
An. Ecol., Vol. 2.: pp. 2.82.-2.88. 

Frisch, Karl v. 192.1. Ober den Sitz dcs Geruch- 
sinnes bei Insecten. Zool. Jahrb ., Abt. /. allgem. 
Zool. u. Physiol ., Vol. 38: pp. 449-516. 

Glaser, R. W. 1917. Evidence in support of the 
olfactory function of the antennae of insects. 
Psyche (. Boston ), Vol. 34: pp. 2.09-2.15. 

Hanstrom, B. 192.7. Ober die Frage ob funktionell 
verschiedene, zapfen-und stsibchenartige Sehzel- 
len im Komplexaugc der Arthropoden vorkom- 
men. Zeitschr. Wiss. Biol., Abt. C., Zeitschr. 
Vergleich. Physiol ., Vol. 6: pp. 566-597. 

Harvey, E. N. 1910. The Nature of Animal Light. 
J. B. Lippincott Co. Phila. 

-. 1916. Additional data on the specificity 

of lucifcrin and lucifcrase, together with a general 
survey of this reaction. Amer. Jour. Physiol., 
Vol. 77: pp. 548-554. 

1932.. The evolution of biolumincsccnce 
and its relation to cell respiration. Proc. Amer. 
Phil. Soc . Vol. 71: pp. 135-141. 

Hauser, G. 1880. Physiologische und histolo- 
gische Untersuchungen fiber das Geruchsorgan 
dcr Insekten. Zeitschr. Wiss. Zool., Vol. 34: pp. 
367-403. 

Howard, S. F. 1919. Synchronous flashing of fire¬ 
flies. Science , Vol. 70: p. 556. 

Kahmann, Hermann. 1930. Untersuchungen 
fiber die Linse, die Zonula ciliaris, Rcfraktion 


und Akkommodation von Safigetieren. Zool. 
Jahrb., Abt. t Allg. Zool. u. Physiol. Tiere, Vol. 
48: pp. 509-588. 

Keeler, Clyde E. 192.8. Blind mice. Jour. Exp. 
Zool., Vol. 51: pp. 495-508. 

Kennedy, C. H. 1917. Some non-nervous factors 
that condition the sensitivity of insects to mois¬ 
ture, temperature, light and odors. Ann. Ent. 
Soc. America, Vol. 2.0: pp. 87-106. 

Kolmer, Walter. 192.6. Ober die Augcn der Flc- 
dermausc. Verhandl. Zool. — Bot. Ges. Wien, Vol. 
74/75 (1924-1925). 

Laurens, H., and Dbtwilrr, S. R. 1911. Studies 
on the retina. The retina of Alligator misstssip- 
piensts and its photomechanical changes. Jour. 
Exp. Zool., Vol. 31: pp. 2.07-2.34. 

Libbermann, A. 1915. Correlation zwischen den 
antennalcn Geruchsorgancn und der Biologic 
dcr Muscidcn. Zeitschr. j. Morph, u. Okol. d. 
Tiere, Vol. 5: pp. 1-97. 

Lynn, W. Gardner. 1930. The structure and func¬ 
tion of the facial pit in the pit vipers. Anat. 
Rec., Vol. 47: pp. 353 - 354 - 

Mast, S. O. 1912.. Behavior of fireflies ( Photinus 
pyralis ) with special reference to the problem of 
orientation. Jour. An. Behav., Vol. 2: pp. 256- 
172. 

Mayer, A. G. 1900. On the mating instinct in 
moths. Ann. and Mag. Nat. Htst., Scries 7 (5): 
pp. 183-190. 

McDermott, F. A. 1912. Recent advances in our 
knowledge of the production of light in living 
organisms. Kept. Smithson. Inst., 1911, pp. 345- 
362. 

McIndoo, N. E. 1914a. The olfactory sense of the 
honey bee. Journ. Exp. Zool., Vol. 16: pp. 265- 
346. 

-. 1914b. The olfactory sense of insects. Smith - 

son. Misc. Coll., Vol. 63: pp. 1-63. 

-- 1914c. The olfactory sense of Hymenoptcra. 

Proc. Phila. Acad. Nat. Sci., Vol. 66: pp. 294-341. 

-. 1916. The sense organs on the mouth 

parts of the honey bee. Smithson. Misc. Coll., 
Vol. 65: pp. 1-55. 

-. 1920. The senses of insects. Ann. Rept. 

Smithson. Inst., pp. 461-483. 

-. 1926. Senses of the cotton boll weevil— 

an attempt to explain how plants attract in¬ 
sects by smell. Journ. Ag. Research., Vol. 33: 
pp. 1095-1141. 

-. 1934. Chemoreceptors of Blowflies. Jour. 

Morph. 

Merrill, R. H. 1930. Synchronous flashing of fire¬ 
flies. Science, Vol. 71: p. 132. 



1J 4 


THE QUARTERLY REVIEW OF BIOLOGY 


Minnich, D. E. 1911a. The chemical sensitivity of 
the tarsi of the red admiral butterfly, Pyrarmis 
atalanta Linn. Jour. Exp. Zool., Vol. 35: pp. 
57-81. 

-. 1911b. A quantitative study of tarsal sensi¬ 
tivity to solutions of saccharose, in the red ad¬ 
miral butterfly, Pyrame is atalanta Linn. Jour. 
Exp. Zool., Vol. 36: pp. 445-457. 

-. 1916a. The chemical sensitivity of the tarsi 

of certain muscid flies. Biol. Bull., Vol. 51: 
pp. 166-178. 

-. 1916b. The organs of taste on the proboscis 

of the blowfly, Phormia regina Meigcn. Anat. 
Record , Vol. 34: p. 116. 

-. 1931. The sensitivity of the oral lobe of 

the proboscis of the blowfly, Calliphora vomitaria 
Linn, to various sugars. Journ. Exp. Zool. , Vol. 
60: pp. 111-139. 

1931. The contact chemoreccptors of the 
honey bee. Apis mellifera Linn. Journ. Exp. Zool., 
Vol. 61: pp. 375 - 393 - 

Moody, Paul A. 1919. Brightness vision in the 
deer-mouse Pcromyscus maniculatus gracilis. Journ. 
Exp. Zool., Vol. 51: pp. 367-406. 

Morrison, T. F. 1919. Observations on the syn¬ 
chronous flashing of fireflies in Siam. Science, 
Vol. 69: pp. 400-401. 

Nechbles, Heinrich. 1917. Observations on the 
causes of night activity in some insects. Chinese 
Jour. Physiol., Vol. i: pp. 143-155. 

Noble, G. K. 1931. The Biology of the Amphibia. 
McGraw Hill Book Co. N.Y. 

-. 1934. The structure of the facial pit of the 

pit vipers and its probable function. Anat. Rec., 
Vol. 58: Suppl. p. 4. 

Park, Orlando, John A. Lockett and Dwight J. 
Myers. 1931. Studies in nocturnal ecology 
with special reference to climax forests. Ecology, 
Vol. 11: pp. 709-717. 

Park, Orlando, and John G. Keller. 1931. Pre¬ 
liminary analysis of activity rhythm in noctur¬ 
nal forest insects. Ecology, Vol. 13: pp. 335-346. 

Rau, P. and N. 1919. The sex attraction and 
rhythmic periodicity in giant saturniid moths. 
Trans. Acad. Sci. St. Louis , Vol. 16: pp. 81-111. 

Rau, Phil. 1931. Rhythmic periodicity and syn¬ 
chronous flashing in the firefly Photinus pyralis 
with notes on Photuris pennsylvanica. Ecology, 
Vol. 13: pp. 7-11. 

Richmond, C. A. 1930. Fireflies flashing in unison. 
Science , Vol. 71: pp. 537-538. 


Sharp, D. 1918. Insects. Article in Cambridge 
Natural History. 

Slonakbr, J. R. 1918. A physiological study of 
the anatomy of the eye and its accessory parts of 
the English sparrow ( Passer domerficus'). Jour. 
Morph., Vol. 31: pp. 351-460. 

Snell, Peter A. 1931. The neuro-muscular mech¬ 
anism controlling flashing in the lampyrid fire¬ 
flies. Science, Vol. 73: pp. 372.-373. 

Valentine, J. M. 1930. The olfactory sense of 
the adult meal-worm beetle, Tenebrio molitor 
(Linn.). Jour. Exp. Zool., Vol. 58: pp. 165-117. 

Verrier, Mllh. M. L. 1931. Physiologic comparie 
dcs c6nes ct dcs bitonnets. Indications foumics 
par I’itude du comportemcnt. Comp. Rend . Acad. % 
Sci. (Paris ) Vol. 195: pp. 1333-1335. 

Vogel, R. 1913. Zur Kenntnis dcs feineren Baues 
dcr Geruchsorganc dcr Wcspcn und Biencn. 
Zeitschr.f. Wiss. Zool., Vol. 110: pp. 181-314. 

W acker, F. 1915. Bcitragc zur Kenntnis dcr an- 
tcnnalcn Sinncsorganc dcr Hymenoptercn. Zeit- 
schr. Morph, u. Okol. d. Tiere , Vol. 4: pp. 739— 
811. 

Walls, Gordon L. 1918. The photo-mechanical 
changes in the retina of mammals. Science , Vol. 
67: pp. 655-656. 

-. 1931. The occurrence of colored lenses in 

the eyes of snakes and squirrels and their probable 
significance. Copeia , 1931 (3): pp. 115-117. 

-. 1931a. Pupil shapes in reptilian eyes. 

Bull., Antivenm Inst. Vol. 5: pp. 68-70. 

-. 1931b. Visual purple in snakes. Science, 

Vol. 75: pp. 467-468. 

Walls, Gordon L. and H. D. Judd 1933. The intra¬ 
ocular colour-filters of vertebrates. Brit. Journ. 
Ophthalmol., Vol. 17: pp. 641-675, 705-715. 

Welsh, John H. 1930a. The mechanics of migra¬ 
tion of the distal pigment cells in the eyes of 
Palaemonetes. Jour. Exp. Zool., Vol. 56: pp. 
459 - 494 - 

-. 1930b. Diurnal rhythm of the distal pig¬ 
ment cells in the eyes of certain crustaceans. 
Proc. Nat. Acad. Sci., Vol. 16: pp. 386-395. 

-. 1931. The nature and movement of the 

reflecting pigment in the eyes of crustaceans. 
Jour. Exp. Zool., Vol. 61: pp. 173-183. 

Wheeler, W. M. 1916. Ants. Columbia Uni¬ 
versity Press. New York. 

Woollard, H. H. 1917. The differentiation of the 
retina in Primates. Proc. Zool. Soc. London, (1): 
pp. 1-17. 



HYPERPARASITISM IN PROTOZOA 
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South-East 

THE PARASITES OF PROTOZOA 

HE interrelations among or¬ 
ganisms in nature are wonder¬ 
fully diverse. Symbiosis—the 
association of organisms for their 
mutual advantage; and parasitism—the 
existence of one organism at the expense of 
another—arc two opposite extremes of the 
same phenomenon. 

Parasitism has attracted much attention. 
Among plants and animals parasites arc 
very numerous. Only two phyla of ani¬ 
mals, Echinodermata and Tunicata, con¬ 
tain no parasitic forms. Some classes of 
animals, such as the Sporozoa, Trematoda, 
Cestoda, and Acanthocephala, are exclu¬ 
sively parasitic. On the other hand, all 
animals and plants may serve as hosts 
for these parasites. The parasites them¬ 
selves form no exception in this respect, 
and may be invaded by other parasitic 
forms. This phenomenon is known as hy¬ 
perparasitism. The hyperparasites in their 
turn are not free from invasion by other 
parasites. Instances of triple and quad¬ 
ruple parasitism arc known. 

Parasites of Protozoa have been recog¬ 
nized for many years. Judging from their 
illustrations Muller (1856), Carter (1856- 
1857), Wallich (1863), Greef (1866), and 
other authors have presented descriptions 
of parasites in Rhizopoda, Mastigophora 
and Infusoria. Parasitic Protozoa may be 
parasitized by bacteria, fungi, worms, and 
other species of Protozoa. The parasite 
passes into a protozoon through its mouth 
opening, like any food particle, a food 
vacuole being formed round it. As shown 
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by recent investigations, the reaction of a 
food vacuole is at first either acid or alka¬ 
line. The r 61 e of the acid in the food 
vacuole is not fully understood. It is 
supposed that the ingested organisms arc 
killed by it. 

Not all of the ingested organisms arc 
killed during the acid phase; some are able 
to survive unharmed, even finding this 
environment favorable for multiplication 
and development. Such a condition is 
seen among amoebae, when the bacteria 
they ingest become pathogenic for them. 
Nagler (1910) has described the invasion 
of an amoeba (Amoeba Umax in type) by 
cocci. I have had an opportunity of ob¬ 
serving the same amoeba, in plate-culture, 
invaded also by cocci. The latter multi¬ 
plied within the cytoplasm of the amoebae, 
formed large clumps, and at last brought 
about the death of their hosts. 

BACTERIAL PARASITES 

The bacterial infection of free-living 
Protozoa has been studied rather fully by 
Petschcnko in the case of Paramoecium cau - 
datum . This author revealed the occur¬ 
rence of bacteria (Drepanospira mullert ) not 
only in the cytoplasm, but in the nucleus 
as well. In both cases the bacteria multi¬ 
plied profusely, occupied a considerable 
volume in the body of the ciliate, and 
finally caused the death of the host. 

The portal by which bacteria gain en¬ 
trance to the body of the host may be not 
only the mouth opening, but the whole 
body surface of a protozoon. Opalina 
ranarum , a ciliate parasitic in the intestine 
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of certain Amphibia, lacks a mouth open¬ 
ing, the food material passing into the 
body through the surrounding pellicle by 
osmosis. When studying the cytoplasmic 
inclusions in Opalina (1911-1913), I had 
the opportunity of observing in the cyto¬ 
plasm of some individuals a large number 
of bacteria gathered in clusters. It seemed 
probable that the bacteria penetrated the 
damaged pellicle, but it is also possible 
that bacteria might pass through the 
intact membrane, when under the in¬ 
fluence of certain external factors chemical 
changes take place in it. 

PARASITISM DUE TO FUNGI 

Protozoa are most frequently attacked by 
Chytridia, fungi which have been known 
for many years to occur in them. The first 
observations were made on free-living pro¬ 
tozoa. Dangeard (1895) found these fungi 
within the nucleus of Amoeba verrucosa , 
and named them Nucleophaga amoebae. 
During development and formation of zoo- 
conidia the nucleus of the amoeba degen¬ 
erated and the amoeba itself succumbed. 
'Gruber (1904) noted similar parasites in 
Amoeba viridts; Penard (1905) in Amoeba 
terr kola > Doflcin (1907) in Amoeba vespertilio , 
Mercier (1907-1910) in Endamoeba blattae. 

In parasitic Protozoa, Chytridia attack 
either the cytoplasm or the nucleus. At 
the present time these fungi are known in 
parasitic Amoebae, Mastigophora and 
Ciliata. 

Leger and Duboscq (1904) found the 
cytoplasmic parasite Sphaerita in Endamoeba 
salpae , parasitic in the rectum of the 
marine fish. Box salpa and B. hoops . Wen- 
yon (1907) observed similar parasites in 
Endamoeba mures from the intestines of 
mice. Mackinnon (1913-1914) describes 
cocci-shaped parasites in Endamoeba min 
chine from the intestine of Tipula (sp.) 
larvae. I observed (Sassuchin, 1919) cyto¬ 
plasmic parasites in Mastigina hylae from 
the intestines of tadpoles of Rana. 


Cytoplasmic parasites are known also 
in the intestinal amoebae of man, such as 
Endamoeba coli (Cragg, 1919; Noller, 192.x; 
Epstein, 1911; Lwow, 1915), Endamoeba 
histolytica (Noller, 1911; Lwow, 192.5), 
Endolimax nana (Dobell, 1919), lodamoeba 
butschlii and Dientamoeba fragilis (Noller, 
1911). 

As a rule these parasites occur as rounded 
bodies within the cytoplasm of the amoe¬ 
bae. Such bodies, measuring 1 to 1.5 
microns in diameter, are scattered in the 
protoplasm either singly or more frequently 
united into groups sometimes closely 
resembling sporangia, except for the ab¬ 
sence of a membrane. Such groups may 
occupy three fourths of the protoplasm of 
the host; moreover, there are not infre¬ 
quently several groups in one amoeba. As 
a direct consequence of such invasion the 
parasitized amoebae die. By the rupture 
of their bodies the parasites escape into 
the lumen of the intestinal canal and here 
they may invade other amoebae. Para¬ 
sites were found by us in the intestinal 
amoebae of monkeys QAacacus rhesus ) 
(Sassuchin, Popow, Kudrjawzew and 
Bogenko, 1930). In the protoplasm of 
Endamoeba pitheci , rounded clumps of bodies 
enclosed in a vacuole were revealed. In 
their form, structure, and position they 
were identical with the parasites that 
occur in the intestinal amoebae of man. 
Occupying a considerable part of the 
body of the amoeba (see fig. 1) they de¬ 
stroyed its protoplasm and the amoeba 
succumbed. It is to be noted that in the 
intestinal amoebae of monkeys the para¬ 
sites are of rare occurrence. Quite a dif¬ 
ferent picture was observed in the intes¬ 
tinal amoebae of a steppe suslik (Citellus 
pygmaeus Pallas). Parasites occurred in 
large numbers in Endamoeba citelli. In 
certain microscopic fields all the amoebae 
were invaded by these fungi (fig. i). 
Within the cytoplasm of their host, the 
parasites are collected in groups of separate 
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bodies, each group looking something like amoeba, but sometimes much larger. Each 
a sporangium. These bodies are never to body is oval or round, its size being from 
be seen enclosed in one membrane, but one 1 to in diameter (fig. 4). The parasites 



Fig. 1. Cytoplasmic Parasites Sphaerita in Endamoeba pitheci 
Fig. i. Group of Endamoeda citelli in a Microscopic Field. Cytoplasm of Amoebae Invaded 

by Sphaerita 

Fig. 3. Endamoeba citelli with Sphaerita in Its Cytoplasm 
Fig. 4. Separate Parasites of Sphaerita in Endamoeba citelli 
Figs. 5 and 6. Nucleophaga in Nucleus of Endamoeba citelli 


or several groups of such bodies are present 
in the cytoplasm of an amoeba. These 
groups vary considerably in size, at times 
being quite as large as the nucleus of the 


were studied in films fixed with Schau- 
dinn’s or Flemming’s fluid and stained 
with Heidenhain’s iron-haematoxvlin. In 
stained preparations each individual body 


THE QUARTERLY REVIEW OF BIOLOGY 


118 

is seen to possess a clear interior and a 
conspicuous membrane staining deeply 
with haematoxylin. Each of these bodies 
has on one side or on both, crescent-shaped 
thickenings intensely stained with iron- 
haematoxylin. In some parasites large 
vacuoles are present, situated at one end 
of the organism. In certain individuals 
one sees near the membrane a deeply stain¬ 
ing granule which is probably the nucleus 
of the parasite (fig. 4). 

Sometimes the parasites are arranged 
singly in the protoplasm of the amoeba, 
each being from z to Z.5/X in diameter, but 
identical in structure with those united 
into groups. Since the parasites occupy a 
considerable volume of the cytoplasm, it is 
probable that they impede normal metab¬ 
olism in the host. Enlarging in size they 
at last destroy the body of the amoeba. 
The large numbers of these parasites present 
in Endamoeba citelli suggest the possibility 
that this amoeba is being gradually ex- 
termined as a result of this parasitism. It 
is to be noted that the same cytoplasmic 
parasites are of common occurrence in 
amoebae of the American ground-squirrel 
(Citellus trideccmlincatus ) and 2 re present 
in large numbers (Becker, 19^6). 

It would be of interest to carry out ex¬ 
periments on the influence of these para¬ 
sites upon the development of amoebae in 
the intestinal canal of the host. It might 
be possible to use these hyperparasites of 
amoebae to control the pathogenic proto¬ 
zoa of man’s intestine (Lwow, 192.5). 

So far as their systematic position is con¬ 
cerned, the question is still uncertain. 
Most workers believe these parasites to be 
Chytridia and place them in the genus 
Sphacrita . I found (Sassuchin, 1931) in 
the same amoeba (£. citelli from the suslik) 
parasites which attacked the protoplasm 
as well as the nucleus of the host (figs. 5 
and 6). At the initial stages of infection 
one may observe at the periphery of the 


nucleus one or several parasites, measuring 
from 1 to 2. microns in diameter. In fixed 
and stained preparations they show very 
little internal structure, but in some indi¬ 
viduals one can easily distinguish a deeply 
staining granule, which is probably the 
nucleus of the parasite. The parasites 
multiply within the nucleus of the amoeba 
and completely fill it. The nucleus under¬ 
goes hypertrophy, enlarging sometimes to 
twice the normal size. As a direct conse¬ 
quence of nuclear hypertrophy the whole 
protoplasm increases in quantity and 
the nuclear membrane becomes invisible, 
which is undoubtedly the last stage in 
the life of the amoeba. 

The morphological peculiarities of the 
parasite, and the effect it exerts upon its 
host permit us to place it in the genus 
Nuclcophaga. 

The hyperparasites of pathogenic Masti- 
gophora were first seen by Wenyon (1907) 
in Trichomonas . Cunha and Muniz (192.3) 
observed the parasites also in Trichomonas. 
W. Yakimoff (192.9) found hyperparasites 
(.Micrococcus batrachorum ) in the cytoplasm 
of Trichomonas batrachorum. 

We have observed (Sassuchin, Popow, 
Kudrjawzew, and Bogenko, 1930) more 
than once parasites in the protoplasm 
of Trichomonas muris from the intestine of 
Mus musculus. In their morphological 
characters, structure and position in the 
host, they closely resemble the hyper¬ 
parasites of amoebae belonging to the 
genus Sphaerita (fig. 7). In certain in¬ 
stances the parasites were irregularly 
scattered through the protoplasm of Tricho¬ 
monas , but the dimensions, shape and 
structure of each parasite were similar to 
those described above (fig. 5). We could 
not definitely identify the parasites of 
amoebae with those of flagellates, but it 
seems very probable that they are closely 
related. 

We have also observed parasites re- 
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Fig. 7. Cytoplasmic Parasites in Trichomonas muris 
Fig. 8. Cytoplasmic Parasites in Chilomastix magna 
Figs. 9 and 10. Cytoplasmic Parasites in Nyctotherus ovalis (Section) 

Fig. 11. “Sporangium” from Cytoplasm of Nyctotherus ovalis, Drawn Separately 
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scmbling those of Trichomonas in Chilomas - 
tix magna Becker, 1916. In this case, 
however, we have not had sufficient ma¬ 
terial to study and describe them in detail 
(fig. 8). 

In 19x5 I had an opportunity of observing 
two kinds of hyperparasites in the cyto¬ 
plasm of a ciliate, Nyctotherus ovalis , from 
the intestine of Periplaneta oriental is (Sas- 
suchin, 1918). Some were quite similar to 
those described above, the others were 
coccoid organisms. Not infrequently both 
kinds of parasites occurred simultaneously 
in the host, though sometimes they were 
seen separately. To the first kind be¬ 
longed spherical structures, resembling 
sporangia, about 30 microns in diameter, 
surrounded by a thick membrane. These 
sporangia contained masses of spores (figs. 
9, 10 and 11). Such sporangia occurred 
either singly or collected into small groups. 
Sometimes as many as nine were seen in 
the body of a ciliate. The other struc¬ 
tures, which were found in Nyctotherus 
ovalis , were only the developmental 
stages of the same parasite. At the initial 
stages of infection one may observe sepa¬ 
rate spores of the parasite in the proto¬ 
plasm of the ciliate. When stained with 
iron-hacmatoxylin or alizarin-toluidin- 
blue, a single spore appears, ovoidal or 
ellipsoidal in shape, 1.5/x broad and 2./1 
long, with a distinct membrane, and stain¬ 
ing pinkish-yellow with alizarin. In prop¬ 
erly differentiated preparations the spore 
membrane appears to be uniformly thick 
throughout, but the cytoplasm is com¬ 
pressed by a large vacuole and consequently 
the contents of the spore seem to be essenti¬ 
ally thickened towards one end. The 
presence of a nucleus in these spores is still 
questionable. Such spores may be ob¬ 
served in fully formed sporangia, lying 
within the membrane and outside the 
sporangium either in the lumen of the in¬ 
testine or, as was demonstrated, in the 
cytoplasm of the ciliate. 


The subsequent stages of the parasite are 
represented in my preparations by spor¬ 
angia in early stages of development. 
Such a sporangium is a cytoplasmic body 
containing numerous small nuclei. The 
size of a sporangium varies from 10 to 15 
microns in diameter. It is always en¬ 
closed by a membrane, which is thicker in 
larger and correspondingly thinner in 
smaller sporangia. In form, the sporangia 
are usually spherical or ellipsoidal. In 
my preparations there are, it appears, 
younger stages of development, similar to 
those described by Chatton and Brodsky 
in Sphaerita parasitic in Amoeba Umax. In 
these stages the parasite appears to be an 
amoeboid body with one or two nuclei of 
the karyosome type. Nuclear division 
then takes place, so that a multinucleate 
amoeboid sporangium is formed. While 
this multinucleate amoeboid body increases 
in size, the gradual thickening of its mem¬ 
brane is taking place, its maximum thick¬ 
ness being attained in the mature sporan¬ 
gium. The cytoplasm enclosed within 
the membrane segments into numbers of 
spores. A similar process has been de¬ 
scribed by Dangeard in Sphaerita endogena, 
and several authors have seen it in other 
Chytridia. 

The size of a mature sporangium, which 
depends on the size of the amoeboid body, 
ranges from 2.0to 3 oix. The vast majority of 
individuals are spherical, more rarely ovoi¬ 
dal and exceptionally irregular in shape. 
The membrane of a fully grown sporan¬ 
gium attains a thickness of 1 micron. The 
further fate of such a sporangium may vary. 
In certain cases its membrane ruptures 
within the body of the ciliate; in others 
the sporangium escapes into the lumen of 
the intestine after the death of the ciliate. 
I have observed several times the emergence 
of spores from the sporangium within the 
body of the host. In preparations stained 
with iron-haematoxylin this stage appears 
as follows: by rupture of the membrane 
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at one end, the spores are set free in the 
cytoplasm, and are then dispersed by cyto¬ 
plasmic streaming through the whole body 
of the ciliate. Some spores remain within 
the sporangium whose wall visibly fades 
away. Such a half-empty sporangium, 
or rather its membrane, may remain intact 
in the cytoplasm of the host. I have ob¬ 
served many of the stages described during 
life in a moist chamber, wherein the 
ciliates lived as long as 11 days in a drop¬ 
let of intestinal contents diluted with 
physiological salt solution or with Ringer- 
Lock's fluid. 

The harmful effect of the parasite upon 
the ciliate host was noticed only when, 
by increasing in size, it filled a large area 
in the ciliate. When located at the pos¬ 
terior end of the ciliate, the parasite may 
occupy one third of its body and at last 
causes the death of its host. First of all 
the sporangia exert a mechanical pressure 
upon the cytoplasm, and sometimes upon 
the macronuclcus of the host. Then the 
invaded ciliates exhibit striking changes 
in their physiological processes. The con¬ 
tractile vacuoles pulsate sluggishly as com¬ 
pared with those of normal individuals. 
The contraction is correspondingly slower 
in those ciliates in which the larger 
amounts of cytoplasm, especially at the 
posterior end, are occupied by the parasites. 
The parasites prevent the normal circula¬ 
tion of food-vacuoles in the cytoplasm of 
the host. It is highly probable that all 
this taken together influences the forma¬ 
tion of food-reserve materials by the ciliate. 
The change in number of glycoprotcid 
granules is especially noticeable. These 
often occur in abundance dispersed through 
the whole cytoplasm in the form of oval 
granules that appear to be somewhat 
flattened on one side. During the growth 
of the parasite the number of these granules 
decreases gradually, until at last they dis¬ 
appear. At later stages changes take place 


in the macronuclcus. The coarse round 
lumps disintegrate into a number of small 
granules. In the last moments of life 
these granules arc in violent movement; 
then they become fewer and fewer, and 
the macronuclcus finally seems to become 
empty. The lashing motions of the cilia 
become more and more sluggish, and the 
ciliates cease to progress. The movement 
of cilia gradually terminates, and at the 
same time the contractile vacuole ceases to 
pulsate. After this the cytoplasm disinte¬ 
grates rapidly and the spores arc set free. 
It is to be noted that when the sporangium 
ruptures within the cytoplasm of the host, 
the latter succumbs almost immediately. 

In certain cases parasites occur in the 
cysts of this protozoon. 

In some individuals of Nyctotherus ovalis 
taken from the same material I found in 
the cytoplasm many granules which I mis¬ 
took at first for cytoplasmic inclusions. 
These are extremely small bodies, round in 
shape and about 0.3/i in diameter (figs. 9 
and 10). They do not occur singly but 
arc arranged in groups of different shapes 
and sizes. Such groups are irregularly 
scattered through the body of a moving 
ciliate, or its cyst; and may occupy the 
greater part of the host. When stained, 
the separate bodies are distinctly visible, 
but show very little internal structure. 
In living organisms the groups are fairly 
distinct because of their refringcnce. 
Infra vitam , they stain feebly with Janus 
green and brilliant cresyl blue, and do 
not stain at all with neutral red. 

It is of interest to mention the arrange¬ 
ment of these inclusions in the cytoplasm 
of a ciliate in which the parasite Sfhaerita 
occurs. In figure 8 one sees a sporangium 
whose surface is completely covered with 
these bodies as though surrounded by a 
capsule. It is to be noted that in the 
earliest stages of development of the para¬ 
site both the inclusions and the parasite 
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itself lie freely in the cytoplasm without 
any connection with one another. But 
with the growth of Spbaerita, when it 
begins to occupy a large proportion of the 
cytoplasm of its host, these bodies gather 
near the surface of the sporangium. 

At the first moment of observation I 
was doubtful about the nature of these 
inclusions. To determine whether they 
were cytoplasmic granules of the chondrio- 
some type, volution granules or glyco- 
proteid bodies, specific methods of staining 
and several microchemical analyses were 
carried out. The chondriosomes in Nycto- 
thtrus ovalis are small, rod-shaped bodies, 
more or less uniformly distributed through¬ 
out the ' cytoplasm (Sassuchin, Ostro- 
umow). The mentioned bodies did not 
show typical glycogenic staining with 
Best’s carmine method, nor did they give 
a characteristic glycoproteid reaction with 
Fischer’s safranin-tannin stain. They 
were insoluble in ptyalin and did not show 
the staining characteristic of glycogen 
and of glycoproteid bodies as a result of 
treatment with iodine solution. Mayer’s 
method to demonstrate volutin granules 
'(methylene blue -f H s S 0 4 ) and the re¬ 
action with I -(- H 2 S 0 4 also did not give a 
characteristic staining reaction. Their 
resistance to fat solvents (equal portions 
of ether, acetic acid and 100 per cent 
alcohol) and a negative reaction with 
Sudan III after fixation with 10 per cent 
formalin, revealed that they were neither 
chondriosomes nor fat bodies. 

Having observed clumps of these in¬ 
clusions in living ciliates confined in the 
moist chamber, I noticed that they were 
increasing both in size and in number. 
This suggested the idea that a multi¬ 
plicative process takes place among them. 
The inconstant presence of these bodies 
in ciliates, the absence of a food vacuole 
enclosing them, their increase in size, 
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their situation in the cytoplasm, when 
another parasite ( Spbaerita ) occurs, as 
well as their presence in the encysted 
form, all this taken together induces me 
to believe that these bodies are neither 
food particles, nor foreign particles in¬ 
gested by the ciliates. They appear to be 
living organisms, probably bacteria, 
which may multiply within their host’s 
body. The presence of these bodies in 
certain individuals only affords evidence 
for the belief that we here see the phe¬ 
nomenon of parasitism rather than that 
of symbiosis. 

PROTOZOAN PARASITES 

Besides bacteria and fungi, Protozoa 
themselves may parasitize other Protozoa. 
Doflein discovered Mastigamoeb^ in the 
cytoplasm of a free-living ciliate, Stentor. 
The developmental stages of certain Suc- 
toria ( Spbatropbryd ) take place in the 
cytoplasm of Paramoecium. These «ara- 
sites are also known within parifitic 
ciliates. Lutz and Splendorc (1908) de¬ 
scribed a microsporidian, Nosema balatt- 
tidii, in Balantidium sp., parasitic in the 
cloaca of Bufo marinus. 

Parasitic Microsporidia are known in 
gregarines. Leger and Duboscq (1909) 
found a microsporidian in the cytoplasm 
of FrtnZflina confomis, a gregarine para¬ 
sitic in the intestine of a crab, Pacbygrap- 
sus mamoratus. This microsporidian is 
found in different developmental stages of 
the gregarine, including its encysted 
forms. The crab’s tissues are free from 
infection. The microsporidian is easily 
recognized in fixed and stained prepara¬ 
tions. Under low magnification the mi¬ 
crosporidia appear in small granules scat¬ 
tered throughout the cytoplasm of the 
gregarine. The structure of the spores is 
similar to that of Nesrna bmbycis , the 
average length being z.8 microns. 
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Another microsporidian, Ptrefia lanke - 
steriac, attacks the cytoplasm of Lanke- 
steria ascidtae , a gregarine parasitic in the 
intestine of Ciona intestinalis. This mi- 
crospferidian, as well as N oserna frenfelinae, 
never invades the host’s tissues but occurs 
only in the cytoplasm of the gregarine. 

A microsporidian, Nosema marinus , is a 
form of still more interest. It occurs in 
the cytoplasm of a myxosporidian para¬ 
sitic in fish, Coris julis and Coris giofredi . 

Parasites arc also known in the bodies 
of gregarines from the intestine of Poly- 
chactac for which Caullery and Mesnil 
(1919) created the separate family Mct- 
chnikovellidac. As a typical form of this 
family the authors have described Met - 
chnikovklla spionis, parasitic in a gregarine, 
Polyrhabdina, from the intestine of Spio 
martinensis. 

The systematic position of these para¬ 
site* of gregarines is uncertain. Some 
observers consider them to be allied to 
the Microsporidia; others believe them 
to be closely related to the Ascomycetes 
(Caullery and Mesnil) or to the Haplo- 
sporidia (Averintzev). 


A METAZOAN PARASITE 

Lastly, of particular interest is in my 
opinion the finding in a protozoan host 
of a metazoan parasite. Schubotz has 
found a nematode in the cytoplasm of a 
ciliatc, Pycnothrix monocystotdts , from the 
intestine of Hyrax capensis . 

conclusion % 

In studying the life-cycle and cytology 
of Protozoa, we should not forget that 
parasites may be present. They often 
confuse the laboratory worker, and are 
sometimes a cause of grave mistakes. It 
is sufficient to recall that Walker mistook 
parasites of Nyctotberus ovalis (described 
above) for one of the developmental 
stages of this ciliate; while Goldschmidt 
interpreted the cytoplasmic parasites of 
Masttgina as cxtranuclear chromatin. 

Parasites are enemies of mankind, but 
the parasites of parasites are our friends. 
It is probable that in certain cases they 
help the infected host to conquer his 
infection. We should, therefore, not ne¬ 
glect these hyperparasites but study them 
more thoroughly, since they deserve 
careful investigation. 
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EVOLUTION 

Functional Affinities of Man, Monkeys, 
and Apes. A Study of the Bearings of Phys¬ 
iology and Behaviour on the Taxonomy and 
Phytogeny of Lemurs, Monkeys, Apes, and 
Man. 

By S. Zuckerman. Harcourt, Brace and 

Co., New York. $3.00. 8^x5$; xviii + 

103; 1933. 

This book is an appropriate sequel to the 
author’s recent The Social Life of Monkeys 
and Apes in which are continued his 
studies of the broader aspects of the inter¬ 
relationships of the primates. A not un¬ 
successful attempt is made to allocate the 
phylogenetic position of the primates on 
the basis of such functional and physi¬ 
ological characteristics as the mechanisms 
of reproduction, blood reactions, receptor 
organs, behavior patterns, diseases and 
parasites, hybridization, and cortical 
physiology. On the whole the phylo¬ 
genetic implications of this original 
method of classification are in agreement 
with the more orthodox taxonomy based 
upon morphology. The book is well 
written, contains an extensive and very 
valuable bibliography, and an index. 



Fossil Floras of Yellowstone National 
Park and Southeastern Oregon. Con¬ 
tributions to Palaeontology . Carnegie Insti¬ 
tution of Washington Publication No. 416. 
Containing following monographs: Fossil 
Floras of Yellowstone National Park. Part I. 


Coniferous Woods of Lamar River Flora, by 
Charles B. Read; The Trout Creek Flora of 
Southeastern Oregon, by Harry D. Mac- 
Ginitie. 

Carnegie Institution of Washington, D. C. 

$1.50 (paper); $1.50 (cloth). 10 x 6}; 

68 + 16 plates; 1933. 

There are two monographs in this volume, 
one on fossil trees and the second on fossils 
of the small flora. The last adequate ac¬ 
count of the plant fossils from the Yellow¬ 
stone area, by Knowlton, was published 
in 1899, so that it seems to be time to 
bring matters up to date. There arc six 
plates of microscopic sections from the 
fossil trees and 16 plates of seeds and leaf 
prints, all extremely good. 

Dr. Read concludes that the genus 
Pinus was established by Upper Eocene 
or Lower Oligoccnc times. Dr. Mac- 
Ginitic emphasizes the resemblance be¬ 
tween the Miocene forest of the Trout 
Creek region of Oregon and the living 
floral association of northeastern Asia 
(Japan and Manchuria). 



The Evolution of Morality. 

By George Whitehead. John Bale, Sons 
and Danielsson, London. 10s. 6d. net. 
8f x s§; iii + 540; 1933. 

The thesis of this book is that morality 
has never rested on religious sanctions 
and that it has its roots in animal be¬ 
havior. Unfortunately, Mr. Whitehead 
has just two means of studying animal 
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behavior: one to imagine vghxt animals 
would do if only they were fengllshmcn 
crawling on all fours, the o|hcr to pile 
up quotations from books written by 
other bookish men. Neither of these 
methods seems to have led him to any 
new conclusions. He rises to heights 
of eloquence only when he denounces 
women, war, and religion. At other 
times he is pretty tiresome. 



The General Theory of Evolution. 

By Malcolm MacTaggart. W. Heffer and 
Sons, Cambridge . is. 6 d. net. y\ x 5; 
vi + 50; 1933 (paper). 

Starting with little and figuratively add¬ 
ing nothing the author amuses himself in 
a metaphysical manner throughout some 
fifty pages by toying abstractly with pro¬ 
fundity and foolishness, by laughing once 
at the absurdity of pretentious moral 
suasion, and concluding by asking a few 
questions which he regaras as unanswer¬ 
able. The subtle art of engaging a reader's 
interest or imagination finds no place in 
the rattle of words in which the evolu¬ 
tionary events as given by modern science 
arc held to follow the preconceived logical 
system of Hegel. Trust as opposed to 
j belief is given as the ideal that will enable 
human evolution to proceed beyond its 
present state. 



Man and the Vertebrates. 

By Alfred S. Romer. University of Chicago 
Press, Chicago . $3.00. 9x6; vii + 
f- 7 ; 933 - 

A brief, comprehensive survey of verte¬ 
brates and human evolution written for 
biological students at the University of 
Chicago under the new plan of col¬ 
lege work. The text serves as outside 
reading for those students attending the 
author s lectures on the vertebrates and 
on the human body. The volume is ex¬ 
tensively illustrated. Many of the views 
of fossil remains and reconstructed groups 
in museums have not hitherto appeared 
in text books. The volume contains no 
bibliography but is indexed, 


An Introduction to the Study of Fos¬ 
sils (Plants and Animals ). Revised Edition . 
By Hervey W. Shimer . The Macmillan 
Co., New York. $4.00. 7}x5l;xviii + 
496; 1933. 

This is the second edition of a textbook 
intended for college students who begin 
the study of paleontology without pre¬ 
vious work in biology. Accordingly, the 
description and discussion of living plants 
and animals goes side by side with the 
treatment of fossil forms of the same 
phyla. It is well illustrated and has an 
excellent index. 



GENETICS 

Nature and Nurture. ' 

By Lancelot Hogben . W. W. Norton and 

Co., New York. $1.75. 8J x 5!; 144; 

I 933 * 

This book, originally delivered as a 
series of William Withering Memorial 
Lectures at the University of Birmingham, 
covers somewhat the same ground as the 
author’s Genetic Principles in Medicine and 
Social Science, which was noticed in Vol¬ 
ume VII, page 477, of this Review. How¬ 
ever, it lays more emphasis on statistical 
methods appropriate to the study of hu¬ 
man genetics and less on dubious gener¬ 
alities than did the latter book. The use 
in genetic analysis of the Principle of 
Random Mating and of the study of con¬ 
sanguineous parentage and familial dis¬ 
eases is illustrated. The author empha¬ 
sizes the interdependence of nature and 
nurture, and concludes that while the 
correlation technique may show the ex¬ 
istence of gene differences whose manifest 
effect is not affected by differences of 
environment to which different members 
of a population are exposed 

The belief that a comparison between observed 
correlation of relatives and correlations based upon 
purely genetical assumptions provides us with a 
measure of the influence of nurture is not justified, 
because of the close relationship between the distribu¬ 
tion of gene differences and differences due to environ¬ 
ment in populations of viviparous animals which live 
in families, especially when, as with human popula¬ 
tions, the environment of different families may aiffer 
greatly. 
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In so far as a balance sheet of nature and nurture 
has any intelligible significance, it does not entitle us 
to set limits to changes which might be brought about 
by regulating the environment. 



Vererbungslehre. Mit besonderer Beruck- 
sichtigung der Abstammungslehre und des 
Menscben. Zweite Auflage. Band II: Sexu- 
alitat und allgemeim Probleme. 

By Ludwig Plate. Gustav Fischer , Jena. 

30 marks (paper); 31 marks (cloth). 

9l X 6$; xiv -f 678; 1933. 

This is the second volume of a series of 
three of the second and expanded edition 
of the author’s masterly Vererbungslehre. 
Sexuality and problems relating to it arc 
discussed in this volume, 361 pages being 
devoted to special discussions and 163 to 
theoretical problems. The author de¬ 
velops the material in the same thorough 
manner which characterized the first 
volume noticed previously in these col¬ 
umns (Vol. VIII, p. 103). A bibliography 
of 2.8 pages is appended. 



GENERAL BIOLOGY 

Charles Darwin’s Diary of the Voyage 
of H.M.S. "Beagle.” 

Edited from the Mi' by Nora Barlow. 
The Macmillan Co ., New York. $6.50. 
9& x 6|; xxx + 451; 1933. 

This volume is a documentary contri¬ 
bution of first class importance to the 
history of biology. Since its first ap- 

g earance in 1839 Darwin’s Voyage of the 
earle has been one of the most widely 
reaa books on natural history ever pub¬ 
lished. It is now justly regarded as one 
of the world’s great classics. But hitherto 
all that we have had is the finished work, 
as Darwin gave it to the world. 

The volume now before us, edited with 
the most painstaking care and accuracy 
and a fine sense of the highest type of 
bibliographic scholarship by one or Dar¬ 
win's granddaughters, gives the complete 
text of the original diaries—"eighteen 
little pocket-books”—in which Darwin 
made his daily notes and from which he 
composed the Journal of .... the Voyage 
.... for publication. It is a superb 
production, from every point of view. 


It conlK ins Aftich homely details as that 
at tKe qinopportunit^ there are to be 
purchase* ffc&nt-caps, ’ lbs. common 
soap,” etc. ' It shows how Darwin’s 
ideas chknged about evolutionary prob¬ 
lems. It shows how bad a speller a very 
great man may be. Altogether it is a 
great book, which no biological library, 
public or private, can be without. 



Dysharmonies et Discontinuity dans 
la Croissance. Actualites Scientifiaues et 
Industrielles pj. Exposes de Biometrie et 
de Statistique Biologique I. 

By Georges Teissier. Hermann et Cie , 
Paris. 10 francs. 9I x 6f; 39; 1934 
(paper). 

In the first of a series of monographs on 
mathematical biology Teissier describes 
the researches on the relative growth of 
the different parts of an organism which 
have been made by various workers, 
notably by Huxley and by Teissier him¬ 
self. The rate of growth of one organ in 
a wide variety or forms is found to be 
cither equal or proportional to that of 
other organs. This law of growth may 
be derived from the assumption, for which 
there is experimental evidence, that the 
rate of growth of an organ is proportional 
to the mass of the organ and to the amount 
of food available. In some cases the rate 
of relative growth changes abruptly at 
some stage in the development of the 
organism. This change may perhaps be 
the result of the coming into action of 
new hormones, although this hypothesis 
is not yet definitely confirmed by experi¬ 
mental evidence. Altogether this is an 
interesting account of a line of work which 
may shea new light on the complex 
problem of growth. There is a bibli¬ 
ography of one page. 



The Living World. An Elementary Biol - 
ogy. 

By Helen G. Mank. Benj. H. Sanborn 
and Co ., Boston. $1.68. x 5I; xxiv 
+ 673;1933. 

A book is here offered for high school 
pupils which aims to teach them to ob- 
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serve accurately. To this end, the text 
itself docs not give the information to 
answer all the questions but it must 
be supplemented by observation, other 
books, and the teacher. Purposely, much 
more material is given than can be used 
in a single course; part of this is arranged 
as additional work for quick pupils. 
Many useful and interesting teaching de¬ 
vices are included. We would personally 
take exception to some of the statements 
made, such as part of the section on al¬ 
cohol. Throughout the book there is 
considerable emphasis and space devoted 
to the public health aspect of biology 
which is surely laudable. As a whole 
the book seems somewhat uneven—some 
parts arc very simple and some too ad¬ 
vanced for most high school pupils. 
Although the author states that the book 
has grown out of an actual course, it seems 
rather too ambitious in scope and ma¬ 
terial required for many schools. 



The Science of Radiology. 

Edited by Otto Glasser. Charles C. Thomas , 

Springfield , III . $4.50. 9$ x 6J; xiii + 

^ 45 o; 1933 - . . , 

Twenty-eight American scientists have 
contributed to this extremely fine book 
on radiology. It is part of the program 
of the radiologists developed in connec¬ 
tion with the Century of Progress Exposi¬ 
tion and the first International Congress 
of Radiologists. It is edited by ana the 
first two chapters are written by Otto 
Glasser. Apparently everything is here 
—history, physics, apparatus, use. Some 
of the chapters arc highly technical, but 
they contain just the sort of information 
one wants. Muller has an excellent 
chapter reviewing his x-ray induced muta¬ 
tions and Packard has summarized his 
work on the biologic effects of x-rays. 
The bibliographies arc an especially valu¬ 
able feature. There arc both name and 
subject indices. 



Caverns of Virginia. Commonwealth of 
Virginia State . Commission on Conservation 


and Development , Virginia Geological Survey , 
Bulletin j/, Educational Series No. 1. 

By William M. McGill. Virginia Geo¬ 
logical Survey , Box 1428 , University , Va. 
$1.00 plus postage, iof x 7J; xvi 4- 
187; 1933. 

The western portion of Virginia is honey¬ 
combed with caverns of an unusual and 
striking character which attract a large 
number of visitors throughout the year. 
This book has been prepared by the 
Virginia Geological Survey to give to the 
interested individual a general knowledge 
of the geological history and physiog¬ 
raphy of the Appalachian Valley, of 
methods of cave formation, and of their 
characteristics. All of the important de¬ 
veloped caverns are described in detail. 
The volume is excellently illustrated with 
photographs and maps and contains a 
glossary, a literature list and an index. 



Symbiose, Parasitisme et Evolution 
(Etude Mathematique ). Actualites Scientific 
ques et Industrielles 96. Exposes de Bio - 
mi trie et de Statistique Biologique. II. 

By V. A. Kostitzin. Hermann et Cie , 
Paris. 15 francs. 9! x 6§; 46; 1934 
(paper). 

In this interesting study the author de¬ 
velops for the special cases of symbiosis 
and parasitism various modifications of 
Lotka’s and Voltcrra’s equations for the 
evolution of a system of species. Apply¬ 
ing his equations to P6rez*s distribution of 
number of visceral sacs of Chlorogaster in 
parasitized Pagurus he concludes that this 
is not a case of multiple parasitism but 
of the budding of a single parasite. There 
is a bibliography of 17 titles. 



M£thodes Physiques en Biologie et en 

MfeDECINE. 

By P. Lecomte du Nouy. J.-B. Bailliire 
et Fils > Paris. 11 francs. 8J x 5I; 
i?33 (paper). 

A simple exposition of ■ the physical 
methoas, instruments and measurements 
more commonly used by the student of 
biology or medicine. In very brief form 
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the author treats of thermostats, density, 
cryoscopy, surface tension, viscosity, hy¬ 
drogen ion concentration, electrical con¬ 
ductivity, optical methods, and spectro¬ 
photometry. A useful laboratory reference 
work. 



Precis de Microscopie. Technique. Ex¬ 
perimentation . Diagnostic. Cinquibne 

Edition Entiirement Refondue. 

By M. Langeron. Masson et Cie 9 Paris . 

100 francs. x 5; xx -f 1105; 1934. 
This is the fifth edition of an introduction 
to the use of the microscope in the study 
of parasitology with the emphasis laid on 
microscopy as an aid to diagnosis. Meth¬ 
ods for the study of most of the phyla of 
the animal kingdom are given and there 
arc also sections devoted to bacteriology 
and to plant histology. It is illustrated 
and has an index. 



Nachweis der biologisch wichtigen 
Korper durch Fluoreszenz und Flu- 
oreszenzspecktren. Handbuch der biologi - 
schen Arbeitsmethoden. Lieferung 420. 

By Charles DhtrS. Urban und Schwartjm - 
berg , Berlin. 11.50 marks. 10 x 7; 210; 
*933 (paper). 

Since Lieferung 40 dealt in some detail 
with the physical equipment used in 
studies on fluorescence this number is for 
the most part limited to the applications 
of this branch of spectroscopy to the 
study of relatively pure solutions of bio¬ 
chemically important substances. Meth¬ 
ods for the investigation of tissues and 
body fluids arc not given. 



The Origin op Living Matter. 

By H . A. Gray and N. M. Bligh. W. 

Heffer and Son , Cambridge . is. 6d. net. 

7l x 4J; iii + 27; 1933 (paper). 
According to the authors the energy of 
momentum resulting from the detach¬ 
ment of the moon from the earth led to 
the formation of bi-nucicar or “Vital" 
atoms. This theory, they state, “will 


explain and account for all and every 
phenomenon of vitalism;" just how is not 
entirely clear to us. 



HUMAN BIOLOGY 

La Costituzione Individuals. Dottrina. 
Metodo. Tipi Morfologici. Volumes I and II. 

By G. Viola. Licinio Cappelli y Bologna . 

L. 100. 10 x 6£; Vol. I, xx + 455; 

Vol. II, v + 397; 1933 (paper). 

The concept that the somatic structure of 
the individual is related to the organic 
structure and so indicates the predisposi¬ 
tion of the individual to disease was 
revived by Benecke and De Giovanni 
about 50 years ago. This, the soundest 
interpretation of medical constitution, is 
now maintained in Europe only by Viola 
and his students. 

In these volumes are collected the ma¬ 
jority of his writings since 1902, in which 
he has developed this concept especially 
with regard to the anthropometric method 
of determining the morphologic types. 
The work consists of three parts. The 
first deals with the history and theories 
of constitution, which the author de¬ 
fines as “the science of the correlated 
anatomical and functional, physical and 
psychic characters of the individual." 

The second part is very important for 
its discussion of the difference between 
constitutional type and anomaly and 
disease. Here is an excellent criticism 
of the weakness inherent in the genetic 
concept of J. Bauer and others. 

In the third part arc collected his articles 
on anthropometric measurements. He has 
devised a special apparatus to be used 
instead of the anthropometcr and ap¬ 
parently more satisfactory for laboratory 
purposes. The measurements taken that 
he considers have an anatomical and 
physiological significance arc only nine 
for the trunk and two for the limbs. 
From the constants calculated on 350 
Venetian male adults he has derived a 
system of gradation that permits a com¬ 
parable classification of all individuals. 

In this schematic review, justice cannot 
be done to other important articles which 
contain the results of investigation on 
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disease associated with bodily types, the 
correlation of external measurements with 
roentgenograms of different organs, etc. 
There is also an excellent review of the 
writings on the evolutionary significance 
of bodily habitus. 

No student of human constitution can 
do without consulting this work which 
illustrates the basic scientific method 
necessary for future research. 



The Social Cost of Industrial Insurance. 
By Maurice Taylor . Alfred A . Knopf , 
New York . $3.15. 8 x 5!; xxxviii + 

411; 1933. 

This investigation deals with a social 
oblem of importance which has never 
cn sufficiently considered. The so- 
called industrial insurance is a special 
form for people with small incomes, 
which does not require medical examina¬ 
tion and is sold at small weekly premi¬ 
ums. These arc collected by the agents, 
whose salesmanship is of the high pres¬ 
sure variety. It becomes thus relatively 
expensive for both companies and the 
policyholders. The result, as even a 
casual observer will have noted, is that 
after a period the varying economic state 
of the insured may force him to ask for 
cash value or to lapse. In cither case he 
has lost by the transaction. The purpose 
of this study is to measure this loss, which 
for the period i9l8-i93z the author esti¬ 
mates (jfor lapsed insurance alone) at 
almost loo million dollars. The ma¬ 
terial is derived almost wholly from the 
records of three large insurance companies, 
which may explain why on page 153 the 
chapter heading ends with an interro- 

f jation point: “Do the companies gain 
rom lapses?” 

The subject matter includes a brief 
historical note on the origin of this form 
of insurance policy, followed by a very 
clear outline of the difference between it 
and the ordinary policy. The author 
proceeds to give the extent of its devel¬ 
opment in this country and geographical 
distribution of the insured, specially 
well done are the chapters on the analysis 
of the cost, which is compared with that 


of the ordinary form, and his proposals in 
regard to families dependent on public 
welfare. His general recommendations 
include a lowering of the cost with greater 
consequent benefits to the policy holders, 
the limitation of sales in ratio to the 
income, etc. Some of these recommen¬ 
dations are useless, we feel, because unless 
paternalism increases, a change of method 
will depend wholly on the attitude of the 
insurance companies and their estimate of 
possible profit. 



In the Wake of “The Bounty.” To 
Tahiti and Pitcairn Island . 

By Charles ChauveL Endeavour Press , 

Sydney . 6shillings. 8f x 3!; 157; 1933. 
This book, a by-product of the author’s 
film of the same name, contains a brief 
narrative of the mutiny of the Bounty 
and the subsequent history of the muti¬ 
neers and an account of Mr. Chauvel’s 
own experience in making the film. The 
most interesting part of the book is the 
description of the Pitcairn Islanders of 
today, the descendants of the mutineers. 
About thirty years ago the island was 
converted to Seventh Day Adventism, 
with deplorable effects. 

Their new religion has brought to them a mass of 
modern "taboos’^ as fantastic as any of the tribal 
inhibitions of the Polynesian savages of yore. Tea 
is a drug and disallowed in the homes, while to smoke 
publicly on the island would be an offence. Baking- 
soda has been condemned, and the missionaries have 
even tried to prevent the eating of all meat. The 
pig, which in the past was so prized on Pitcairn, is 
to-day an unclean animal, and no one is allowed to 
own one. All literature except religious books and 
tracts and a panic-stricken sheet called "The Signs of 
the Times" are censored from the island. Dancing 
is not allowed, and only religious records and nurs¬ 
ery rhymes are encouraged on the gramophone. They 
have been taught to believe that the end of the world 
is very near at hand, and in this the Book of Revela¬ 
tions is followed most literally—each fresh earth¬ 
quake or pestilence experienced in some part of the 
world krnr regarded as a new and definite portent 
that the ena is in sight. 

The people are now so definitely rooted in this 
belief that no provision is made for their future; no 
young coconuts or breadfruit-trees have been planted, 
and tne same applies to the timber of the island, 
which has been continually felled for the building of 
their homes and boats without thought of replanting 
for future needs. 
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The Effect of Tropical Sunlight on the 
Development of Bones of Children in 
Puerto Rico. A Roentgenographic and 
Clinical Study of Infants and Young Children 
with Special Reference to Rickets and Related 
Factors . U. S. Department of Labor, Chil¬ 
dren s Bureau Publication No. ziy. 

By PAartha PA. Eliot. U . S. Government 

Printing Office, Washington. 10 cents. 

9$ x 5t; v + izz; 1933 (paper). 

In a previous investigation, undertaken 
jointly by the Children's Bureau and the 
Department of Pediatrics of Yale Uni¬ 
versity, it was found that in a large pro¬ 
portion of cases the bones of infants living 
in a temperate climate (New Haven, 
Conn.) showed sooner or later certain 
minor changes which were interpreted as 
evidence of slight rickets regardless of the 
fact that the infants observed had been 
given what was thought to be an amount 
of cod-liver oil sufficient to prevent rickets. 
The present study, of 584 infants living in 
a tropical country exposed the year round 
to intense sunlight, was made by the same 
investigators to determine whether or not 
the rocntgcnographic changes usually 
interpreted as signs of slight rickets 
should not be regarded as physiological 
variations of normally growing bone. 
After working over the clinical and x-ray 
records of both the New Haven and Puerto 
Rico studies, Dr. Eliot and her co-workers 
were able to conclude that rickets is 
practically absent in the tropical country, 
and that the bone changes previously 
believed to be siens of early or mild 
rickets arc probably correct. From a 
scientific viewpoint it is difficult to over¬ 
estimate the value of work of this char¬ 
acter. The dividing line between the 
limits of physiological normality and 
early pathology is so nebulous and knowl¬ 
edge concerning it is of such importance 
in almost every field of medical practice 
that every contribution is of the greatest 
moment. A short summary report of the 
paper under review will be found in the 
American Journal of Diseases of Children, 
Vol. 46, p. 12.37. 



The Mind of China. 

By Edwin D. Harvey . Yale University 
Press, New Haven . $3.50. 9J x 6$; xi 
+ * 933 - 


This is a fundamental contribution to 
studies on the Chinese. The author, long 
a resident of China as Professor of Soci¬ 
ology at the College of Yalc-in-China, at 
Changsha (Hunan Province) has had un¬ 
usual opportunities to observe and study 
the social system of the Chinese, the 
influence which their profound faith in 
ancestor worship has upon their daily 
lives and customs, their extraordinary 
dependence on every sort of magic and 
their belief in the "existence of another 
world of spirits, a shadowy but real 
counterpart of life here on earth." Un¬ 
derdevelopment of the industrial and 
economic arts and overgrowth in popu¬ 
lation arc two of China’s most serious 
roblems. Both of these are deeply con¬ 
it ioned by an inveterate animism. Re¬ 
nunciation of the philosophy of animism 
and the acceptance of the obviously effec¬ 
tive materialism and industrialism of the 
West is the essence of the temper of Young 
China today. The masses (nearly one 
quarter of the world population) have 
merely turned the new expressions into 
the old animistic molds. However, a 
collapse of the old way of thinking and 
living is bound to come with the new 
education, the growth of railroads and 
industry; and because of this China will 
be faced with a problem of immense com¬ 
plexity. A new philosophy of living 
must be evolved. The volume is copi¬ 
ously documented and is indexed. 



The Life of a Fossil Hunter. 

By Charles H. Sternberg. Charles H. 

Sternberg, 4046 Arizona St., San Diego , 
Calif. $1.75. 7! x 5$; xiii + 186; 
193 !• 

Hunting Dinosaurs in the Bad Lands of 
the Red Deer River, Alberta, Canada. A 
Sequel to The Life of a Fossil Hunter. 

By Charles H. Stemberi. Charles H. 

Sternberg, 4046 Arizona St., San Diego, 
California. $1.75 [Both books for $3.00]. 
7$ X 5$; XV + I 54 i i 93 x - 

Both of these books are reprints. The 
Life of a Fossil Hunter (first printing 1909) 
deals with the author’s wide experience 
in collecting in the western part of the 
United States. Hunting for fossils in the 
seventies and eighties involved far more 
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than patiently searching for fruitful places 
to excavate. It meant danger from hostile 
Indians, days with little or no food, nar¬ 
row escapes from drowning, etc. For 
eight seasons Sternberg worked with Cope 
in the field. This part of the book will 
perhaps be of the greatest interest to 
biologists as he writes most entertainingly 
of Cope and their joint experiences which 
were often of a thrilling character. Hunt¬ 
ing Dinosaurs (first printing 1917) is a 
sequel to The Life of a Fossil Hunter . After 
1911 the author and his three sons spent 
much time in the Red Deer region in 
Alberta where are to be found the richest 
Cretaceous fossil fields in the world. 

Neither of these books is devoted merely 
to the author's experiences in hunting 
fossils. They contain much information 
concerning fossil beds and their contents, 
the manner of collecting, description and 
illustration of findings and methods of 
preparing specimens for exhibitions. 
Many of the finest specimens of extinct 
mammals in the American Museum of 
Natural History, in the Victoria Me¬ 
morial Museum at Ottawa, as well as in 
various European museums are due to the 
enthusiastic labors of Sternberg and his 
assistants. The books can be recom¬ 
mended for general libraries, particularly 
high school libraries. They open up a 
fascinating field for embryonic naturalists. 
Both volumes are abundantly illustrated 
and indexed. 



Urban Society. 

By Noel P . Gist and L. A . Halbert . 
Thomas Y. Crowell Co. y New York . $3.50. 

7*jc 5 i;xv-|-7M;i933. j 

This is a study of the growth and char¬ 
acteristics of American cities and their 
populations. It is less concerned with the 

g ssibilities for uplift than it is with the 
tailed description and interpretation of 
these curious animal aggregations. It is, 
quite literally, a study in human ecology 
and its plan and method are based to a 
large extent on ecological concepts. The 
study is carried out with thoroughness 
and considerable literary skill. The kind 
of information conveyed by case histories 
and crime statistics is not represented here; 


the emphasis is on the social and economic 
factors that influence the founding and 
growth of cities, on migrations to, from, 
and within cities, and on the effects the 
peculiar conditions of city life have had 
on human behavior. The authors have 
made frequent and effective use of long 
quotations from sociological studies of 
particular cities, and their data, on which 
charts and tables are based, are recent 
enough to show some of the trends of 
cities during the depression. It will make 
a good college textbook but it deserves a 
wider sale than that. There are a con¬ 
siderable number of thoughtful people* 
whose contacts with city life have been 
neither close enough nor of long enough 
duration to give tnem a basis for under¬ 
standing the system of cooperative compe¬ 
tition that underlies urban life, and they 
should find this book useful in this respect. 
There arc annotated bibliographies at the 
end of each chapter and good indexes, 
one for subjects and one for names of 
cities. 



The Empty Quarter, being a Description 
of the Great South Desert of Arabia Known 
as Rub l al Khali. 

By H. St.J. B. Philby. Henry Holt and 

Co. y New York. $4.00. 8i x 5J; xxiv -f- 

432. + 3 folding maps; 1933. 

The journey of which this book is a nar¬ 
rative was not Mr. Philby's first explora¬ 
tion of the interior of Arabia. In 1917 he 
had crossed the peninsula from the Persian 
Gulf to the Rea Sea—the first European 
since Sadlier, a century before, to make 
the journey—and in 1918 he had explored 
the Jabal Tuwaiq as far as the Wadi 
Dawasir but haa been forced to turn 
back regretfully without penetrating the 
Rub‘al Khali or Empty Quarter, the great 
southern desert of Arabia, “perhaps the 
largest blank on the map outside the Polar 
regions." Early in 1331 Ibn Sa'ud made 
him leader of an expedition which crossed 
the desert from the Persian Gulf to its 
southern border and thence westward 
through its most desolate portion to Wadi 
Dawasir. On the first part of the journey 
there were occasional wells, covered to 
protect them from the shifting sands, 



NEW BIOLOGICAL BOOKS 


but for the last 375 miles the party had 
to depend entirely on the water that they 
carried with them. The supposed ruins 
of the legendary city of Wabar which 
they visited turned out to be a meteorite 
crater. Appendices give reports on the 
meteorites and silica glass found there as 
well as on other geological, zoological 
and botanical specimens collected by Mr. 
Philby. The book also contains an index 
and excellent maps of the route of the 
expedition. This is an exciting book of 
adventure as well as a first rate narrative 
of an important scientific exploration. 



Ancient Aztalan. Bulletin of the Public 
Museum of the City of Milwaukee Vol. XIII. 

By S. A. Barrett. Milwaukee Public 

Museum , Milwaukee . $7.00. 10 1 x 7; 

601; 1933 (paper). 

The ancient earth-works at Aztalan, 
situated in south-eastern Wisconsin, are 
among the more important archaeological 
sites in the United States. Although 
definite knowledge of their existence 
dates from the Black Hawk War in 1831, 
little actual, organized exploration and 
excavation has been done, with the excep¬ 
tion of the survey made in 1850 by Dr. 
O. A. Lapham, until 1^19 when the author 
of this book began his investigations. 

The principal features of the site arc 
the ridge surrounding it, the remains of 
a stockade, and numerous pits and mounds, 
only one of which yielded a burial that 
could be considered authentic. It had 
long been held that this was a ceremonial 
spot, but the author abandons this theory 
on the evidence he has collected and holds 
the view that it served the more prosaic 
purposes of defense and utilitarian service. 
He likewise discards the belief that the 
ancient inhabitants of Aztalan knew the 
art of making brick. His assumption is 
that native clay, mixed with grasses, was 
used to line the stockade to make it 
stronger as a defense, and that when it 
was burned, presumably by enemies, the 
clay baked and broke off in “bricks’*— 
lumps irregular in form. 

This publication is well illustrated 
with maps showing the present topog¬ 
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raphy of the site, as well as those made 
by Dr. Lapham, and many excellent 
photographs of the earth-worts and their 
contents. The author has also provided a 
bibliography of seven pages ana an index. 



Heredity and Environment. Studies in 
the Genesis of Psychological Characteristics . 

By Gladys C. Schwesinger. Edited by 

Frederick Osborn. The Macmillan Co ., 

New York. $4.00. 9I x 6J; ix + 484; 
x 93 . 3 - 

This is a critical compendium of the stud¬ 
ies made to determine the relative influ¬ 
ence of heredity and environment on the 
development of personality and intelli¬ 
gence. Its value lies in the clarity of the 
author’s views and her ability to take 
full cognizance of all the more important 
investigations. 

Splitting the psychological character¬ 
istics into intelligence and personality is, 
as the author admits, arbitrary and evi¬ 
dently done only for the purpose of con¬ 
sidering the so-called intelligence tests 
separately from general psychological 
theories. With regard to the intelligence 
tests, the author is rather diffuse but 
complete in the examination of all the 
literature. Her conclusion is that they 
arc “valid and reliable,” but she im¬ 
mediately adds: “Since many extravagant 
and even bizarre claims have at times 
been made on such topics as group differ¬ 
ences in intelligence .... it is essential 
in interpreting such data that a proper 
perspective be kept.*’ This sober outlook 
is characteristic of the objectivity of the 
book. , 

The part that treats of personality is, 
compared to the other, very schematic 
though in no way incomplete. We do 
not find here the same thorough analysis 
as for the intelligence tests. 

Finally, the author arrives at the only 
conclusion possible, that is, that the 
investigations so far conducted cannot be 
said to have found an answer to the 
question. 

This volume makes an excellent text¬ 
book and will be useful for all students of 
the subject. 
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Thb American Aborigines. Their Origin 
and Antiquity . 

A Collection of Papers by Ten Authors , 

Assembled and Edited by Diamond Jenness. 

University of Toronto Press , Toronto . $1.50. 

9 i x 6 i; 396; 1933- 

The ten papers in this volume, all by 
recognized experts in their respective 
fields, make an extremely valuable sym¬ 
posium on the present status of knowledge 
about the American Indian. While it is 
impossible here to review the book in 
detail some of the outstanding con¬ 
clusions may be mentioned. W. A. John¬ 
ston is of the opinion that western migra¬ 
tion routes to North America have been 
open for 15,000 to 30,000 years, much 
longer than any possible route in the 
north-cast. Alfred S. Romcr holds that 
there is no paleontological evidence sug¬ 
gesting the presence of man in North 
America earlier than the withdrawal of 
the last Pleistocene ice sheet. On archeo¬ 
logical grounds N. C. Nelson reaches the 
same conclusion. E. A. Hooton con¬ 
cludes a brilliant essay on the thought 
that the American race is a composite race 
‘'composed of heterogeneous strains 
welded together by mixture,*’ Clark 
Wisslcr is of opinion that the great variety 
of cultures and of traits in the New World 
has obscured whatever may have been 
transferred directly from the Old World. 
Roland B. Dixon refuses to allow any of 
the claims made for diffusion of cultures 
across the southern Pacific to South 
America. 

The value of the book is seriously im¬ 
paired by the absence of an index. 



660 Runaway Boys. Why Boys Desert 
Their Homes. 

By Clairette P. Armstrong . Richard G. 

Badger, Boston. $3.00. 8 x 5J; 108; 1^33. 
This book consists essentially of a statisti¬ 
cal analysis of case histones, from the 
Children's Court of New York City, of 
660 boys charged with deserting their 
homes. The various factors reviewed 
include, among others, age, intellectual 
ability, physical defects, nationality, edu¬ 
cation, economic status, and home con¬ 


ditions. Thus it was found that runaway 
boys have an average age of approximately 
13 years and an average I. Q. of 77.7; 
that fifty per cent of them have nervous 
habits such as enuresis, masturbation, 
temper-tantrums, and so on; that seventy- 
five per cent are of foreign or mixed par¬ 
entage; that fifty per cent arc graded 
above their inherent capacities in school; 
that twenty per cent have both parents 
employed; that only forty-five per cent 
have noth parents living and living to¬ 
gether; that thirty per cent have either a 
step-mother or step-father. An interesting 
chapter is devoted to the boys' reasons 
for leaving home. Of these, excessive 
beatings, fear of beating and punishment, 
and a hatred of school or school teacher 
arc given in over fifty per cent of the cases. 
It is questionable whether the subtitle of 
the book has been appropriately chosen. 



An Astronomer's Life. 

By Edwin B. Frost . Houzhton Miff in 

Co ., Boston. $3.50. 8 x 5$; xi + 300; 

„ I 933 - 

This is an interesting and stimulating 
autobiography of a distinguished as¬ 
tronomer, who had the devastating mis¬ 
fortune to go blind at the zenith of his 
professional career. The simple yet lofty 
courage with which Professor Frost met 
this calamity has been an inspiration to 
his colleagues and friends. His whole life 
exemplifies and illustrates the traditional 
virtues and abilities of the New England 
stock from which he stems. The Frost 
family, with its record of achievement in 
scholarly pursuits, is a perfect paradigm 
for the eugenist. 

Professor Frost writes with clarity and 
charm, and his life has been an interesting 
one. We recommend this book strongly 
to* the general reader as well as to the 
scientific man. Like a great many as¬ 
tronomers of this day and age Professor 
Frost leans in his philosophic thinking 
towards a vaguely mystical sort of deism, 
which we fear will be somewhat unsym¬ 
pathetically viewed by the younger gener¬ 
ation of hard-boiled, wholly materialistic 
biologists. 



NEW BIOLOGICAL BOOKS 


The Conquest of a Continent or The Ex¬ 
pansion of Races in America. 

By Madison Grant. Charles Scribner s Sons , 
New York. $3.00. 8f x 6; xv -f 393; 
*933 • 

The thesis of this history of the United 
States is that Protestant Nordics were not 
only the best immigrants this country ever 
received, its best soldiers, and its best 
citizens but they were so far in the majority 
during its colonization and up until the 
Civil War that they alone are the founders 
of the nation. No other group has made 
any significant contribution of a beneficial 
sort to our culture according to Grant, and 
it is the duty of Protestant Nordics to take 
immediate steps to preserve their suprem¬ 
acy, among other things by putting a stop 
to all further immigration, deporting as 
many aliens as possible, and putting into 
effect a number of eugenic proposals. The 
plan of the book is to classify each group 
of immigrants according to its racial com¬ 
position, and to trace the movements of 
its members and their descendants as they 
migrated from state to state, and to present 
a racial survey of the 48 states ana of the 
Latin-American countries to the south. 
There are about a dozen maps, a bibliog¬ 
raphy, and an index. Every professional 
flag-waver will want a copy. 



Flight into America’s Past. Inca Peaks 
and Maya Jungles . 

By Marie Beale. G. P. Putnam s Sons , 

New York. $3.50. 9I x 6J; xv + x86; 

I 933 - 

A travel book of considerable interest, by 
an amateur archeologist. Mrs. Beale 
writes most entertainingly of her trip, 
mostly by airplane, from Buenos Aires 
across the Andes to Santiago and then 
into the land of the Inca. One never 
ceases to marvel that Cuzco, the sacred city 
of the Inca, situated high in the Andes and 
seemingly almost inaccessible to the Euro¬ 
pean invaders, should have become a 
Spanish town within fifty years of Co¬ 
lumbus’ great discovery. Inca rule was 
atemalistic. Close communication was 
cpt up throughout the vast area by well 
built foot ways. It is said that fish from 
the ocean could be delivered in Cuzco in 


m 

twenty-four hours. Now by train it takes 
fifty or more. The author’s interest in 
early Peruvian history led her to visit many 
places which disclose the high develop¬ 
ment of Inca civilization and the super¬ 
imposed Spanish culture. After Lima she 
went to Guatamala and Yucatan and 
visited Mayan ruins. 

Her book is profusely illustrated, mostly 
with her own photographs, which arc 
excellent. A bibliography is included but 
there is no index. 



Frohe Lebensarbeit. Erinnerungen und 
Bekenntnisse eines Hygienikers und Natur- 
forschers. 

By Karl B. Lehmann. J. F. Lehmann , 

Munchen. a. 50 marks (paper); 6 marks 

(cloth). 8f x 5I; 3x8; 1933. 

Karl Bernhard Lehmann, one of the 
pioneers in the movement of public health 
and hygiene in Germany and one of the 
founders of modern bacteriology, offers us 
in this book the story of a long life, spent 
in arduous yet joyous labor. He tells us 
of his happy school-years in Zurich during 
the sixties and seventies of the past cen¬ 
tury; of his years of apprenticeship under 
Pettcnkofer and Koch m Munich and Ber¬ 
lin, and of his 45 successful years as Pro¬ 
fessor of Hygiene in the medical faculty 
of the University of Wurzburg. Professor 
Lehmann is far removed from being a mere 
reporter. There is not a ‘dry’ page in the 
whole book. He gives us exquisite and 
telling character sketches of his many 
friends and co-workers, and fine descriptions 
of the countries he lived in or visited. Fur¬ 
thermore, he defines his position with re¬ 
gard to public health, scientific investiga¬ 
tion, education, literature, art, politics, 
the state and destiny of his country, and 
religion. 

It is, in short, a most refreshing and 
stimulating book, filled with wisdom and 
grateful optimism. 



The Great Doctors. A Biographical His¬ 
tory of Medicine. 

By Henry E. Sigerist. Translated from the 
German by Eden and Cedar Paul. W. W. 
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Norton and Co., New York . $4.00. 8f x 
436 ; * 933 * 

The sub-title indicates the contents of this 
extremely interesting book, which is a 
translation from the second German edi¬ 
tion. The great doctors are those whose 
creative work or teachings have had an 
important part inthcevolution of medicine. 
Fifty-three names (excluding those linked 
with mythology) are in the list, beginning 
with Hippocrates and ending with Osier. 
Briefly but vividly, the lives and works of 
each of these is in review and the part that 
each one played in furthering the progress 
of medicine. Excellent reproductions of 
portraits arc included in the work; also a 
bibliography of the more important gen¬ 
eral treatises on the history of medicine 
and kindred topics, and special works on 
great doctors. The volume is indexed. 


The Bantu Tribes of South Africa. Re¬ 
productions of Photographic Studies. Vol . II, 
Section ZZZ, Plates LIII-LXXVIII. The 
Suto-Chuana Tribes . Sub-Group III. The 
Southern BaSotho. With an Introductory 
Article on the Southern BaSotho and Descrip¬ 
tive Notes on the Plates , by G. P. Lestrade , and 
a Bibliography of the Southern BaSotho , by I. 
Schapera. 

By A. M. Duggan-Cronin . Deighton , Bell 

and Co., Cambridge, zi shillings. n£ x 

8§; 24. + 2.6 plates; 1933 (paper). 
Section III of Volume II of this valuable 
anthropological study, previous sections 
of which have been noticed in earlier num¬ 
bers of this Review, contains a short intro¬ 
ductory article on the southern BaSotho, a 
bibliography of 10 pages, and 16 excellent 
photographs showing the physical type of 
the people, as well as their dress, architec¬ 
ture and customs. Under the guidance 
of an unusually enlightened group of 
missionaries who have preserved what was 
good in the old and adapted it towards the 
new, native writers have been encouraged 
to produce “works of a literary nature, of 
outstanding merit among the literary pro¬ 
ductions of the modern type among the 
South African Bantu.“ 


The Child, The Family and the Court. 
A Study of the Administration of Justice in the 
Field of Domestic Relations. General Find¬ 
ings and Recommendations. U. S. Depart¬ 
ment of Labor , Children s Bureau Publication 
No. m (revised edition ). 

By Bernard Flexner , Reuben Oppenheimer , 
and Katharine F. Lenroot. U . S. Govern¬ 
ment Printing Office , Washington. 10 cents. 
9* x 5i; vi + 100; 19J3 (paper). 

This report recommends the nation-wide 
establishment of only one type of court to 
exercise jurisdiction over all cases directly 
or indirectly regarding children. This 
court would take the place of the present 
juvenile courts, family courts, etc., and 
also extend its activity to include the work 
now done by the humane societies, social 
agencies, etc. This consolidation of judi¬ 
cial power is proposed especially to avoid 
the overlapping of jurisdiction frequently 
observed in the cases dealt with by these 
courts and agencies. 



Our Forefathers. The Gothonic Nations. 
A Manual of the Ethnography of the Gothic , 
German , Dutch , Anglo-Saxon , Frisian and 
Scandinavian Peoples. Volume II. 

By Gudmund Schiitte. The Macmillan Co ., 
New York. $9.50. 9 x 6J; xvi + 481 + 

2.0 plates; 1933. 

The promised second volume of this ex¬ 
cellent series on ethnic groups is now 
ready. The first volume was noticed in 
Volume 5 of this Review. This part gives 
accounts of individual Gothonic tribes 
(Germanic nations) under the same sub¬ 
ject headings as were used in the first vol¬ 
ume for the Gothonic nations as a whole, 
—at least, as far as is possible. This is a 
detailed and scientific study but it is full 
of interesting details, such as the seven 
reasons why England came to be called 
England rather than some name based 
on the Saxon element in the population. 
The descriptions of the primitive archi¬ 
tecture of the various tribes are also inter* 
esting to the layman. 
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The Hand of Man. A Practical Treatise of 
the Science of Hand Reading Dealing in Detail 
with its Psychological , Sexual , Superstitious 
and Medical Aspects. 

By Noel Jaquin. Faber and Faber , London. 

iis. 6d. net. 8f x l68; 1933. 

New and profitable norizons arc here dis¬ 
closed for the practitioners of the ancient 
art—pardon! science—of palmistry. It is 
possible by careful reading of the hand to 
diagnose the physical ills of an individual, 
so the author says. For example, diag¬ 
nosis of cancer in its early stages, or even 
before it appears, is evidently child’s play 
for Mr. (or is it Professor?) Jaquin. Not¬ 
withstanding his great ability he is really 
modest. There is, though, brief mention 
of cases in which the physicians had failed 
at first and only following the hand reading 
was the true diagnosis made. We sympa¬ 
thize with the poor physicians. How is it 
possible for them to make a diagnosis when 
they have not the knowledge acquired 
through palmistry? 



In Wild New Britain. The Story of Ben¬ 
jamin Danks y Pioneer Missionary. From 
His Diary. 

Edited by Wallace Dean. Angus and Rob¬ 
ertson, Sydney. 6 shillings net. 7I x 
4; xi + 2.93; 1933. 

The Reverend Mr. Benjamin Danks and 
his wife gave eight years of their youth in 
the attempt to convert the natives of New 
Britain to Methodism. From 1875 to 
1886 they lived and worked in that savage 
country and here arc recorded their hard¬ 
ships and achievements. One cannot but 
admire their fortitude and that of all those 
dedicated to such a cause. 

There are a few interesting accounts of 
local customs, mention of conflict with 
traders, but in style and viewpoint the 
book is strictly ecclesiastical ana intended 
to fire missionary zeal in those of the same 
faith and profession. 



The Diffusion of Culture. 

By G. Elliot Smith. Watts and Co. y Lon¬ 
don. 7s.6d.net. 7f x 5; x + 144; 1933* 
In this book the arch protagonist of the 


diffusion of culture from a single center, 
with Egypt as “the pioneer in the inven¬ 
tion of civilization/’ makes a vigorous 
endeavor to prove the soundness of his 

K sition from the very evidence provided 
the writings of the antagonists of this 
theory. 



The Eugenic Predicament. 

By S. J. Holmes. Harcourt , Brace and Co ., 
New York. $l.oo. 8 x 5J; xi + 131; 
_ * 933 - 

This is an elementary exposition of the 
principles and aims of eugenics and the 

? ;enetic facts from which they arc derived, 
n form and content it differs very little 
from the general run of propagandist litera¬ 
ture on the subject. 



Archiv fur Bevolkerungswissenschaft 
(Volkskunde) und Bevolkerungspoli- 
tik. IV. Jahrg.y Heft 1. 

Edited by Kurt Vowinckel. S. Hir^ely 
Leipzig. 10 marks per volume of six 
numbers; 2. marks, single copy. 9! x 6f; 
80; 1933. 

We welcome this journal dealing with 
population problems and recommend it to 
our readers interested in the subject. 



Juvenile-Court Statistics, 1931. Based 
on Information Supplied by 92 Courts. Fifth 
Annual Report. United States Department 
of Labory Children s Bureau Publication No. 
222. 

U. S. Government Printing Office , Washing¬ 
ton. 10 cents. 9J x 5}; ii -f- 6i; 1933 
(paper). 

The report for the year 1931 presents much 
the same situation as that for the previous 
year (cf. this Review, Vol. VIII, p. 114). 



The County as an Administrative Unit 
for Social Work. United States Depart¬ 
ment of Labor , Children s Bureau Publication 
No. 224. 
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THE QUARTERLY REVIEW OF BIOLOGY 


By Mary R. Colby. U. S. Government 
Printing Office, Washington. 5 cents. 9! x 
▼ + 48; 1933 (paper)- 



ZOOLOGY 

Bblauschtbs Lbbbn. Kleine Kreatur in 
Wasser, Busch und Halm. 

By Karl 0 . Bartels . Hugo Bermuhler , Ber- 
lin-Lichterfelde . 3.90 marks (paper); 

4.80 marks (cloth), ioj x 7!; xi + 
181; 1934. 

Here arc 110 pages of extraordinary repro¬ 
ductions of pnotographs of small animals 
shown in various stages of active life in 
natural habitats. The reproductions are 
technically excellent, giving full force to 
the beauty of the subjects. The phases of 
behavior are emphasized by serial pictures 
such as illustrate the stages of the cngulf- 
ment of a minnow by a coelentcratc, the 
emergence of a damsel fly, the mating of 
mantids in which the male is finally eaten 
by the female, a caterpillar spinning its 
cocoon, and many others equally interest¬ 
ing. The pictures are arranged so that 
biological forms take a related order. 
Each picture has a title and descriptive 
notes accompanying it. After the pictures 
“there follow about fifty pages of text in 
which are given interesting comments on 
the biology of the general classes. The 
icturcs representative of the class are also 
iscussed m the order in which they arc 
arranged in the first part of the book. An 
alphabetical index is given last. This 
book will be valued by the scientific biolo¬ 
gist as well as by the esthetic nature lover, 
and it will probably attract many who are 
habitually indifferent to the less obvious 
occurrences in nature. 



Diptbra of Patagonia and South Chile. 
Based Mainly on Material in the British 
Museum ([Natural History ). Part IV. Em- 
fididae . 

By J. E. Collin. British Museum (Natural 
History) 9 London. 15 shillings net. 8) 
X 5I; viii + 334; 1933. 


The first volume of this series by Alexander, 
noticed in Volume VI of the Review, gives 
a brief description of the collecting trip 
where specimens described here were 
gathered. The collecting was done by 
F. W. Edwards of the British Museum ana 
R. C. Shannon of the Bacteriological Insti¬ 
tute of the National Department of 
Hygiene, Argentina. There were about 
30,000 specimens of Diptera taken which 
eventually will be described in seven 
volumes. This section by Collin, although 
Part IV, is the second to be completed. 
There were 147 species of Empididae repre¬ 
sented in the collection, of which 198 arc 
new to science. All these and some 
Empididae from other collections made 
in the same area are included in the detailed 
taxonomic description. There is an index. 

There appears to be a general tendency for the 
Empid fauna of any distinct faunal region to develop 
marked peculiarities of its own, and the Patagonian 
fauna is certainly no exception, but it will be gathered 
from the information here given, that, on the whole, 
it shows a distinctly greater resemblance to the fauna 
of the South Australian region than to any other. 



Reptiles of the World. The Crocodilians , 
Lizards, Snakes , Turtles and Tortoises of the 
Eastern and Western Hemispheres. New 
Revised Edition. 

By Raymond L. Ditmars. The Macmillan 

Co., New York. $5.00. 9$ x 6; xx + 311 

+ 89 plates; 1933. 

A new edition, revised and containing 
much new material, of a work which has 
been widely accepted as standard in the 
^tudy of reptiles (first edition 1910). The 
nomenclature has been completely brought 
up to date and the text enlarged to include 
all recent important discoveries. The work, 
however, departs considerably from the 
hand-book type. The author presents in 
popular manner a general survev of the 
reptiles of the world and includ.cs many 
of his own methods in capturing, feeding 
and treatment of animals in captivity. 
The 89 excellent photographic plates col¬ 
lected at the end of the volume are valuable 
for identification purposes. There is an 
index. 
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Gulliver in the Bush. Wanderings of an 

Australian Entomologist. 

By H. ]. Carter. Angus and Robertson , 

Sydney . 6 shillings. x 4$; v + 134; 
2933 • 

Gulliver, in the person of the author, is an 
Australian entomologist and natural his¬ 
torian who writes of his many experiences 
while rambling over the Australian conti¬ 
nent. A chapter (or more) is devoted to 
each of the divisions of the Commonwealth 
including the island of Tasmania. The 
author stresses his personal experiences 
while collecting in the various regions and 
gives the reader many interesting annota¬ 
tions about insect life. The book is of 
interest to the American reader since it 
gives a familiar insight into the all too un¬ 
familiar Australia. Mr. Carter does not 
hesitate to tell of his companions and 
various people met with on his travels, 
which frequently adds zest to the reading. 
Some readers will find many of the refer¬ 
ences to insect life too anthropomorphic 
to suit their taste. 



Biology of Brachymeria Fonscolombei 
(Dufour), a Hymenopterous Parasite of 
Blowfly Larvae, f/. S. Department of 
Agriculture Technical Bulletin No . $6$. 

By Raiford A. Roberts . U. S. Government 
Printing Office , Washington . 5 cents. 

9 x 5i; 11; 1933 (paper). 

Brachymeria, a chalcid parasite of blowfly 
larvae, is carefully studied under field con¬ 
ditions. It is found in Europe, Asia, and 
North America where it most actively 

f iarasitizes larvae of the genus Sarcophagia. 
t readily attacks Synthesiomyia, Phoremia, 
Lucia, and Calliphora, but when it attacks 
the screw-worm, larvae of Cochliomyia ma- 
cellaria Fab., both insects fail to complete 
development. 

The parasite egg is injected' into the host 
larvae, where, upon hatching, it develops 
within the maggot. After pupation of t ne 
host the parasite complete^ consumes the 
pupae and then pupates within the host 
puparium. Eggs from unfertilized females 

J roduce only males, and the sex ratios are 
requently irregular in progeny from ferti¬ 


lized females. At Uvalde, Texas, eight 
generations occur during the year, and 
about one third of the fly larvae in small 
field carcasses are infested. The parasite 
might be useful in control of the blowfly 
population in general, but as a specific 
agent against the screw-worm it is not 
recommended. 



Morphology op thb Insect Abdomen. 
Part II. The Genital Ducts and the Ovipositor. 
Smithsonian Miscellaneous Collections, Volume 
89, Number 8. (Publication 3219.') 

By R. E. Snodgrass. Smithsonian Insti¬ 
tution, Washington. 45 cents (free to 
public libraries). 5$ x 6J; 148; 1933 
(paper). 

A second monograph on the morphology 
of the insect abdomen by the leading au¬ 
thority on insect anatomy (Part i. Gen¬ 
eral structure of the abdomen and its 
appendages). It forms part of a general 
scheme “to discover the basic plan of 
arthropod organization that is repeated 
through the segments, and to sec how the 
specie modification in the several bodv 
regions of the insect may conform witn 
the structure of a theoretically generalized 
segment.” The author first discusses the 
general structure of the insect abdomen 
and the morphology of the gonads and the 
genital ducts. There follow sections on 
the ovipositor and associated organs, the 
ovipositor of Orthoptcra, of Hemiptcra, 
and of Hymcnoptcra. Forty-eight figures 
accompany the text and a lengthy literature 
list is given. 



The Nidification of Birds of the Indian 
Empire. Volume II. Turdidae-Stumidae . 
By E. C. Stuart Baker. Taylor and Francis , 
London . 30 shillings net. 8| x 6; vii 
+ 5 6 4 ; ^ 933 - 

In this volume the breeding habits and nests 
of 403 species and subspecies of Passeres 
breeding in India are described. The ma¬ 
terial is arranged by families and sub¬ 
family and includes the thrushes, shrikes, 
warblers (including the tailor-bird and 
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the still more remarkable Ashy wren- 
warbler), goldcrests, bluebirds, orioles, 
grackles, and starlings. The classification 
agrees for the most part with that found 
in the author’s earlier volumes on these 
birds in the Fauna of British India series. 
Although much detailed information is 
supplied in summary form, Mr. Baker’s 
girt of style makes the book very readable. 
An index of common and scientific names 
is provided, but there is no bibliography 
although much of the descriptive material 
has been taken from other writers. 


The Ecology of Animals. 

By Charles Elton . Methuen and CoLon¬ 
don. 3s. 6d. net. 6f x 4$; vii + 97; 
* 933 - 

This little book belongs in a series of mon¬ 
ographs designed to give brief but authori¬ 
tative accounts of the present state of 
knowledge in biological subjects. The 
author is Director of the Bureau of Animal 


Population of the Department of Zoology 
ana Comparative Anatomv in Oxford 
University. Teachers, students and the 
general reader will find the volume useful 
in obtaining general information on eco¬ 
nomic problems, on the scope of animal 
.ecology, ecological surveys, animal inter¬ 
relations and habits, densities of animal 


populations and their rates of increase and 
fluctuations in numbers. A lengthy litera¬ 
ture list is given and there is an index. 


The Growth of Some Young Raptorial 
Birds. University of California Publications 
in Zoology , Volume 40 , No. 4. 

By E. Lowell Sumner. University of Cali¬ 
fornia Press , Berkeley. io\ x 6i; 31; 1933 
(paper). 

Seven young owls and three young eagles 
were kept under observation in the labora¬ 
tory ana in. the nest during their growth 
period. Especial attention was given to 
the development of down and feathers and 
a number of photographs are given to il¬ 
lustrate the types of plumage and the ap¬ 
pearance of the birds. Measurements of 
Dody weight, feather length, and lengths of 
humerus and ulna were made; all or these 


measurements fall along sigmoid growth 
curves. It appears that raptorial birds cat 
proportionately less than passerine birds. 



Terminology of Types. 

By Donald L. Frizzell. The American 
Midland Naturalist , Vol. XIV, No. 6, 
pp. 637-668,1933. 

Another earnest attempt to standardize the 
terminology of taxonomy. A list of 133 
terms is appended giving definitions with 
the authorities for them. By means of 
different sizes and styles of type used in this 
list one can tell which terms the author 
recommends; which he considers less desir¬ 
able but “available for use;’’ and which 
are objectionable. There is a short general 
bibliography as well as the references per¬ 
taining to the definitions. 



Bunyips and Billabongs. An Australian 
Out of Doors. 

By Charles Fenner. Angus and Robertson , 

Sydney. 6 shillings net. 7J x 4!; xvi + 

M 1 ; I 933 : 

An interestingly written series of nature 
studies on a wide variety of Australian 
animals, folklore, and curiosities. Many 
myths concerning natural phenomena are 
used to create interest. These are ulti¬ 
mately followed to their origin in nature 
without loss of the feeling of wonderment. 
The young reader who enjoys exploratory 
information about natural things will 
make a delighted discovery in this book, 
and there is no dearth of ideas that chal¬ 
lenge adult curiosity. 



Observations on the Thermal Death 
Points of Anastrbpha ludens (Loew). 
U. S. Department of Agriculture Technical 
Bulletin No. 400. 

By Hugh H. Darby and E. M. Kapp. U. 
S. Government Printing Office, Washington. 
5 cents. 9! x 5$; 18; 1933 (paper). 

This brief paper is concerned (1) to sec 
whether insect protoplasm is subject to 
heat coagulation at temperatures similar 
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to those which affect other animals, and 
(2.) to determine what climatic conditions 
can be expected to limit or prevent the 
establishment of Anastrepha ludens (a 
Trypctid fly) in regions as yet uninfested. 
The authors, on the basis of their data, 
answer the first question affirmatively. 



The Pulsatory Cycle of the Contractile 
Vacuoles in the Ophryoscolecidae, Cili- 
ates from the Stomach of Cattle. Uni¬ 
versity of California Publications in Zoology, 
Volume $g, No. 11. 

By Ronald F. MacLennan. University of 

California Press, Berkeley. 60 cents. io\ x 

6f; 46; 1933 (paper). 

A careful study of the cyclic changes under¬ 
gone by the contractile vacuole of certain 
ciliate protozoans (the Ophryoscolecidae) 
shows that the vacuole has three charac¬ 
teristic phases in its cycle, the resting pe¬ 
riod , systole and diastole. Morphological 
changes associated with the vacuole and 
its protoplasmic surroundings are de¬ 
scried. A good bibliography is appended. 



Suggestions for Pheasant Management 
in Southern Michigan. 

By Howard M. Wight. Department of 

Conservation, Lansing, Mich. 9 x 6£; 15; 

1933 (paper). 

The material in this pamphlet, intended 
primarily for farmers and other landowners 
who wish to increase the supply of pheas¬ 
ants, is based on a five years’ study of the 
habits of these birds by the School of 
Forestry at the University of Michigan. 
Suggestions, with directions and illustra¬ 
tions, are given for the improvement of 
roadsides, woodlots, pasture-land, etc., 
with the breeding habits of pheasants in 
mind, the planting of food patches, and 
predatory control. 



Annual Report of the Director of the 
Museum of Comparative Zoology at 
Harvard College to the President of 
Harvard College for 1931-1933. 


By Thomas Barbour. Museum of Compara¬ 
tive Zoology , Cambridge . 9I x 6; 69; 1933 
(paper). 

This includes brief reports by the director 
of the Museum, Thomas Barbour, and by 
seventeen curators of different departments 
of the museum, a list of publications (109 
titles) issued during the year August 1, 
1931 to July 31, 1933, and a brief account 
of the use of the income of the Museum’s 
invested funds. 



Winter Feeding of Wild Life on North¬ 
ern Farms. U. S. Department of Agriculture 
Miscellaneous Publication No. is9. 

By Wallace B. Grange. U. S. Government 
Printing Office, Washington. 3 cents. 

x 5 I2 -; *933 (paper). 

A discussion of the need and methods for 
winter feeding to conserve wild life. Or¬ 
ganization of campaigns to insure needed 
food at the right time, the proper type of 
food for various birds and animals, ana the 
most economical methods of supplying 
food and winter protection are considered. 
Several interesting figures are given which 
show wild birds maxing use of provided 
food and shelter. 



TheDinoflagellata: the Family Heter- 
odiniidae of the Peridinioidae. Reports 
on the Scientific Results of the Expedition to the 
Eastern Tropical Pacific, in Charge of Alex¬ 
ander Agassiz, h the U . S. Fish Commission 
Steamer “ Albatross," from October, 1904, to 
March, igo;, Lieut .-Commander L. M. Gar¬ 
rett, U. S. N., Commanding. Memoirs of the 
Museum of Comparative Zoology at Harvard 
College, Vol. LIV , No. 1. 

By Charles A. Kofoid and Alastair M. 
Adamson. Museum of Comparative Zoology 
of Harvard College, Cambridge. $6.50. 
n x 10; 136 + Li plates; 1933 (paper). 
The family Hcteroainiidac comprises a 
number of relatively rare species of the 
Peridinioidae restricted to warm temperate 
and tropical seas. They are only sparsely 
represented in the surface waters and most 
of the 35 species, of which five are new, 
described and figured here were taken at 
300 fathoms. 
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The Lies Histories and Ecology of Jack 
Rabbits Lbpus allbni and Lrpus cali- 
fornicus Ssp., in Relation to Grazing in 
Arizona. College of Agriculture, Agricul¬ 
tural Experiment Station Technical Bulletin 
No. 49. 

By Charles T . Vorhies and Walter P. Taylor. 

University of Arizona, Tucson. 9 x 6J; 110; 
1933 CpapeO- 

A good account of the life history and 
habits of the jack rabbits, with remarks on 
the natural enemies, parasites and methods 
of control. 



The Canada Jays of Northern Idaho. 
Transactions of the San Diego Society of Na¬ 
tural History, Vol. VII, No. 2j. 

By Alden H. Miller . San Diego Society 
0f Natural History , San Diego, Calif. 10$ x 
6f; 9; *933 (paper)- 

Transposed Hinge Structures in Lamel- 
libranchs. Transactions of the San Diego 
Society of Natural History, Vol. VII, No. 26. 
By W. P . Popenoe and W. A. Findlay. 
San Diego Society of Natural History , San 
Diego, Calif. 10J x 6f; 14 + 1 plate; 
1933 (paper). 

Men and Birds in Joint Occupation of 
National Parks. 

By George M. Wright. The Condor, Vol. 
XXXV, November 1933, PP* H3 ~ii8. 
Review of the Recent Mammal Fauna of 
California. University of California Publi¬ 
cations in Zoology, Volume 40, No. 2. 

By Joseph Grinnell . University of Califor¬ 
nia Press, Berkeley. $1.15. 10J x 6f; 64; 

1933 (paper). 

Mammals of the Pocatello Region of 
Southeastern Idaho. University of Cali¬ 
fornia Publications in Zoology , Volume 40, 
No. 9. 

By Wayne B. Whitlow and E. Raymond 
Hall. University of California Press , 
Berkeley . 35 cents. 10J x 6f; 41; 1933 
(paper). 



BOTANY 


Rbcbnt Advances in the Study of Plant 
Viruses. 

By Ktnnttb M. Smith. P. Blakiston's Son 
and Co., Philadtlfhia. $4.00. 7$ x 5 J; 
xii'+ 4x3; 1934. 


In the preface the author states that 

The present volume has .... been written in the 
hope that it will serve the dual purpose, first of giving 
a fairly comprehensive survey of the present position 
of the knowledge concerning these interesting agents 
(plant viruses), and secondly of acting as a students’ 
reference book until the progress and correlation of 
knowledge allow a more comprehensive treatise to 
be written. For the latter reason, certain subjects 
have been dealt with in greater detail than is usual 
in a book of this type. 

The volume will be found most useful to 
those working in this field. The tech¬ 
nique of studying plant viruses is described 
in detail, as well as the diseases they cause. 
Comparisons are drawn in the behavior 
of the plant and animal viruses so far as is 

E ossible in the present development of 
nowlcdgc concerning them, and profitable 
lines of future work arc indicated. Each 
section concludes with a lengthy literature 
list. The volume is well illustrated and 
contains author and general indices. 



The People's Forests. 

By Robert Marshall. Harrison Smith and 

Robert Haas, New York. $l.oo. 8$ x 5 J; 

2-33i I 933- 

The author first discusses the great devas¬ 
tation of our forests from the time of the 
early settlements up to the present and the 
usefulness of forests as raw material, for 
soil and water conservation, and for rec¬ 
reational purposes. The latter part of 
the book is concerned with a discussion of 
various types of ownership and control of 
forests ana “their effect on the forest, on 
efficient land use, on the workers, on the 
consumers and on the dependent communi¬ 
ties.' * In the final chapter is given an 
outline for a national program of forest 
conservation. The author is a professional 
forester who in icql collaborated with 
the Forest Service in the preparation of a 
comprehensive report on the nation's 
forests. The book contains a list of refer¬ 
ences and is indexed. 



PfLANZENTHBRMOD YN AMIK. 

By Kurt Stem. Julius Springer , Berlin. 
31 marks (paper); 33.10 marks (cloth). 
8f x sf; xi + 411; 1933. 
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Professor Stern makes no claim that his 
book will be easy reading, but no introduc¬ 
tion to thermodynamics is likely to be 
easy. The first loo pages are intended to 
teach biologists enough about thermo¬ 
dynamics to enable them to understand its 
applications to biology. The second part 
is a discussion of the thermodynamic as¬ 
pects of a number of plant processes, per¬ 
meability, the ascent of sap, respiration 
and other metabolic processes, electrical 
phenomena and surface phenomena. The 
text is clearly written and it is an impor¬ 
tant contribution to physiological litera¬ 
ture. It is well indexed, and in the litera¬ 
ture citations it is interesting to note 
that Americans are well represented. 



Fortschritte der Botanik. Unter Zusam - 
menarbeit mit mehreren Fachgenossen. Zwei - 
ter Band. Bericht uber das Jahr 1952. 

Edited by Fritz, von Wettstein. Julius 
Springer, Berlin. 14 marks. 9$ x 6£; iv 
+ 301; 1933 (paper). 

This is the second number of an annual 
review of botany written in the same 
fashion, and as successfully, as the Annual 
Review of Biochemistry . The field of bot any, 
not including applied botany, has been 
very thoroughly covered by seventeen 
German botanists who discuss the ad¬ 
vances made in their respective fields in the 
year 19JI. The bibliographies are exten¬ 
sive ana it is worth noting that American 
work is well represented. It is an indis¬ 
pensable book tor every botanical library. 



Sex in the Plant World. 

By Wilfred W. Robbins and Helen M. Pear¬ 
son . D. Appleton-Century Co., New York. 
$l.oo. 7$ x 5; xii + 133; 1933. 

This survey of reproduction in the plant 
kingdom is written for people without 
previous scientific training ana accordingly 
technical terms have been strictly avoided 
and the storjr has been told in pictures as 
far as possible. As popular scientific 
writing goes it is well done; a historical 
background of the subject is provided and 
the discoverers of important phenomena 
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are mentioned by name. There is less 
fanciful language than might perhaps have 
been expected. 



Quantitative Bacteriology. 

By H. 0 . Halvorson and N. R. Ziegler . 

Burgess Publishing Co., Minneapolis. 

$1.90. 11 x 8i; 64; 1933 (paper). 

This book provides tables to aid in the 
solution of equations to determine the 
probable density of bacteria by the dilution 
method, the extent of infestation of insects 
with viruses or bacteria, or other prescncc- 
or-abscnce sampling problems. 



Les Astragalus du Quebec et Leurs 
Allies imm£diats. Contributions du Labor - 
atoire de Bot unique de l % Universiti de Montrial, 
No. 24. 

By Jacques Rousseau. Institut Bot unique, 
Universiti de Montrial, Montreal. 75 
cents. 9x6; 66; 1933 (paper). 



MORPHOLOGY 

Contributions to Embryology. Volume 
XXIV, Nos. 139 to 14$. Carnegie Institution 
of Washington Publication No. 443. 

Carnegie Institution of Washington, D.C. 
$3.15 (paper); $4.15 (cloth), nf x 9; 
iii + lol +31 plates; 1933. 

The following papers arc included in this 
publication: (1) Development of behavior 
patterns and myelinization of the nervous 

S stem in the human fetus and infant, by 
rthello R. Langworthy. This is the 
concluding report of a scries of observa¬ 
tions concerning the development of be¬ 
havior patterns in young animals corre¬ 
lated with one demonstrable step in the 
maturation of the neuron, and mycliniza- 
tion of the nerve-fiber. 

(1) Development of the vagina in the 
human fetus, by Arthur K. KoflF. The 
conclusion is reached that "the upper part 
of the vagina develops from the mullcrian 
ducts, while the lower portion, about one- 
fifth, is formed from the sinovaginal bulb$ 
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which arise from the epithelium of the 
urogenital sinus.*' 

(3) Development of the thyroid, para¬ 
thyroid and thymus glands in man, by 

G. Louis Weller, Jr. A review of the in¬ 
terrelationships existing between the ele¬ 
ments of these organs, and a discussion of 
how each of the glands assumes its charac¬ 
teristic adult location and architecture. 

(4) Histological studies of the men¬ 
struating mucous membrane of the human 
uterus, by G. W. Bartelmcz. Seventeen 
specimens, removed at operation, are de¬ 
scribed. The study includes clinical data, 

ross examination of the mucous mem- 
rane, general description of the micro¬ 
scopic preparations with especial reference 
to the indications of a preceding pseudo¬ 
pregnancy, details concerning glandular 
structure, stroma elements ana extravasa¬ 
tions, blood-vessels and lymphatics. 

(5) Early cleavage stages of the egg of 
the monkey ( [Macacus rhesus), by Warren 

H. Lewis and Carl G. Hartman. This 
account is based on four eggs obtained from 
the monkey ( Macacus rhesus) colony of the 
Department of Embryology, Carnegie 
Institution of Washington. When re¬ 
covered one of these eggs was in the two¬ 
cell stage, two eggs were in the four-cell 
stage and one in the 16-cell stage. The 
two eggs in the four-cell stage were incu¬ 
bated to the six- and eight-cell stage. 

All of these papers arc beautifully illus¬ 
trated and thoroughly documented. 



Histology. 

By S. RamSn-Cajal. Revised by J. F. 
Tello-Mtinoz . Authorized Translation from 
the Tenth Spanish Edition by M. Femdn- 
Nune%. William Wood and Co ., Baltimore . 
$8.00. 9 x 5$; xiv -f 738; 1933. 

A translation of an elementary student's 
textbook, written by the dean of Spanish 
histologists, which is widely used in 
Spanish-speaking universities. It presents 
a compendium of the investigations of the 
author and his disciples. The method of 
instruction differs markedly from that in 
American schools. During the first year 
the medical student is given a thorough 
foundation in cytology, its history and 
philosophy. The normal histologic topog¬ 


raphy of the individual organs is then 
taken up, along with thehisto-pathology 
of the same during the second year. The 
present volume (tenth Spanish edition) is 
an almost exact literal translation from the 
Spanish text, so that the nomenclature, 
phraseology and system will often appear 
unusual. It is the translator's hope that 
the reader will be inspired to investigate 
Spanish medical literature more deeply. 
The volume is well illustrated. There is 
an appendix dealing with method of prep¬ 
aration of materials and a detailed index. 
Dr. Charles H. Mayo contributes a fore¬ 
word. 



An Introduction to the Study of the 
Nervous System. Second Edition . 

By E . E. Hewer and G. M. Sandes. Wil¬ 
liam Heinemann (Medical Books), London. 
ii shillings net. 9? x 7J; xiv + 147; 
I 933* 

This volume, in its second edition, deals 
in a compact and logical manner with the 
anatomy, and to some extent the physi¬ 
ology, of the nervous system. Both the 
central and autonomic systems are con¬ 
sidered. One of the most desirable features 
of the book is its abundance of several- 
colored diagrams which should be of as¬ 
sistance in orienting the student with ref¬ 
erence to his subject. Another point, 
worthy of praise, is the highly systematic 
way in which the subject matter is or¬ 
ganized. The volume is an out-and-out 
textbook and the author has rightly treated 
the material from just that point of view. 
The book does not seem to be durably 
bound and would probably quickly show 
signs of wear if subjected to the rigors of 
the laboratory. 



The History of Staining. 

By H. J. Conn, with contributions from 
Lloyd Arnold , A. F. Blakeslee, R. S. Cun¬ 
ningham, S . I. Komhauser, F. W. Mallory, 
Eugen Unna . Book Service of the Biologi¬ 
cal Stain Commission , Geneva , N. Y. 
$i.oo. 8| x 5$; 141; 1933. 

Much of the advance in histology and 
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cytology during the past 75 years has been 
due to the staining of the structures ex¬ 
amined under the microscope. This book 
traces the history of the various biological 
stains and includes portraits and biographi¬ 
cal sketches of Sir John Hill, the first 
known user of dyes in microscopy, Gcrlach, 
the father of the staining method in histo¬ 
logy, Rudolph Heidenhain, Paul Mayer, 
Unna, Ehrlich, Flemming, Belling and 
Mann. Bibliographies to the various 
chapters and an index arc included. 



PHYSIOLOGY AND PATHOLOGY 

Arteriosclerosis. A Survey of the Problem. 
A Publication of The Josiah Macy, Jr. 
Foundation. Edited by Edmund V. Cow- 
dry. The Macmillan Co ., New York. 
$5.00. 9I x 6; xvii + 617; 1933. 

Leading American and European investi¬ 
gators have contributed to this survey of 
the problem of arteriosclerosis sponsored 
by the Josiah Macy, Jr. Foundation. Its 
purpose is to give a clearer perspective 
of our present knowledge of the disease 
and indicate which appear to be the more 
promising directions to follow in future 
research. 

The different aspects and phases of this 
problem are outlined in the Introduction 
by L. Anschoff, and fully developed by 
the individual contributors in the chapters 
that follow. These include an excellent 
historical summary by E. Long; the de¬ 
scription of the normal anatomy and 
physiology of blood vessels (E. V. Cow- 
ary), their physical properties (C. Bram- 
well) and chemical constituents (A. 
Policard). The studies on the possible 
etiological factors are discussed in the 
chapters on the chemical changes ob¬ 
served (H. G. Wells), the influence of 
race and climate (P. Stocks), that of 
nutrition (S. Wcise and G. R. Minot), of 
infections (W. G. MacCallum), of hered¬ 
ity (G. D. Williams), and on the relation 
of arteriosclerosis to hypertension (F. 
Lange). W. Ophuls considers the patho¬ 
genesis in man and therapeutic measures 
are outlined in the paper by J. Wykoff. 
Available statistical data arc presented 
by E. Sydcnstrickcr. There arc also 


chapters on the incidence of arterio¬ 
sclerosis in animals (H. Fox) and results 
of experimental work (N. Anitschow). 
The incidence and form which this dis¬ 
ease takes in certain regions of the body 
are discussed by such specialists as J. S. 
Fricdcnwald, S. Cobb, D. Blain, H. T. 
Kassncr, and E. T. Bell. 

In conclusion, the universal opinion is 
that the work so far is too insufficient and 
inconclusive to answer the fundamental 
question of whether this disease can be 
avoided or remedied. 



History of Chinese Medicine. Being a 
Chronicle of Medical Happenings in China 
from Ancient Times to the Present Period. 

By K. Chimin Wong and Wu Lien-Teh . 

The Tientsin Press , Tientsin , China . 

$7.50. 9I x 6|; xviii + 706; no date. 
A history of Chinese medicine necessarily 
resolves itself into two parts. The first 
(pp. 1-12.3) is concerned with medicine 
as an “indigenous and mysterious art/* 
This period extends from the ancient or 
legendary period (1697-1 ill B.C.) 
through the historical or golden period 
(iili B.C.-960 A.D.) and the medieval 
or controversial (^61-1800 A.D.). K. C. 
Wong, Licentiate in Medicine and Surgery, 
Hong Kong, is author of this section. 

The second part of the book (pp. 117- 
595) deals with the struggles for supre¬ 
macy between the old and new forces 
after Western medicine was introduced 
into China. Wu Lien-Teh, director of 
Manchurian plague prevention service and 
of national quarantine service has written 
of this epoch. He points out that “To 
introduce bodily the medicine of Europe 
and America into China without atten¬ 
tion cither to the traditional background 
or to the special needs of the masses 
would be as unwise as it would be 
unworkable/’ 

Both sections of the volume make ex¬ 
tremely interesting reading and will be of 
great value to the medical historian. 
Chronological tables are arranged for both 
parts, bibliographies, and indexes of 
persons and subjects. The illustrations, 
especially those in part one, form a valu¬ 
able feature of the oook. 
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Mental Effort in Relation to Gaseous 
Exchange , Heart Rate , and Mechanics of 
Respiration . Carnegie Institution of Wash¬ 
ington Publication No. 446. 

By Francis G. Benedict and Cornelia Golay 
Benedict. Carnegie Institution of Wash¬ 
ington , D. C. $1.00 (paper); $1.50 
(cloth). 10 x 6J; 83 + 1 plates; 1933. 
Seven subjects, six men and one woman, 
all practically normal in every respect 
except that one very tall man had a basal 
metabolism averaging 16 per cent below 
normal, were used in the experiment. 
The investigators report that 

from a consideration of the various factors measured 
in our investigation it is concluded that sustained, 
intense mental effort, consisting chiefly in the multi¬ 
plication of pairs of x-digit figures, causes an increase 
in heart rate, an insignificant, hardly measurable in¬ 
crease in respiration rate, a marked alteration of the 
character of the respiration, a considerable increase in 
the apparent total ventilation of the lungs, a small 
increase in the carbon-dioxide exhalation, a smaller 
increase (on the average, 4 per cent) in the oxygen 
consumption and heat production, and a slight in¬ 
crease in the apparent respiratory quotient. 

During rest periods between the experi¬ 
ment all factors measured tended to return 
to original levels. 

During the progress of the four consecutive 15-minute 
periods of mental effort there was no evidence of any 
greater effect upon the factors measured during the 
latter periods than during the first periods. 

There was no appreciable alteration in the 
blood supply to the skin of the head. 
The conclusion is reached that mental 
effort per se is without significant influence 
upon the energy metabolism and that its 
study gives no direct evidence of a satis¬ 
factory explanation of the feeling of ex¬ 
treme mental and physical fatigue experi¬ 
enced by mental workers following mental 
effort. The report includes illustrations 
of the apparatus used in the experiments 
and ii tables of data. 



The Growth and Gonad-Stimulating 
Hormones of the Anterior Hypophysis. 
Memoirs of the University of California 
Volume ix. 

By Herbert M. Evans , Karl Meyer y and 
Miriam E. Simpson t in collaboration with 
Alexander J. S%arka , Richard I. Penchatx , 


Roberj E. Cornish and Frederick L. Reichert . 

University of California Press , Berkeley . 

$10.00. 11$ x 9$; xii + 446 + 14 

plates; 1933 (paper). 

Fourteen more or less distinct papers make 
up this magnificent and admirably illus¬ 
trated quarto. The first four, comprising 
approximately one-half of the book, dead 
with the technical details of the prepara¬ 
tion, purification and biologic character¬ 
istics of the growth and the gonad-stimulat¬ 
ing hormones. The second four articles 
arc devoted to studies on the effects 
of the administration of the hormones to 
hypophyscctomized rats. The ninth 
paper, subdivided into four parts, con¬ 
tains brief reports of recent experimental 
work on the relationship between the 
hypophysis and adrenals. Numbers ten 
ana eleven have to do, resppetively, with 
the influence of the gonad-stimulating 
extract on the tissue metabolism of im¬ 
mature gonads and the respiratory metab¬ 
olism of rats tested witn the growth 
hormone. The twelfth and thirteenth 
sections give accounts of the effect of 
combinations of extracts on the genital 
system of hypophyscctomized dogs. The 
last, and from a philosophical point of 
view the most interesting paper, presents 
evidence that under the influence of long 
continued injections of the gonad-stimu¬ 
lating fraction, achondroplastic animals 
(the dachshund) retain their dysplastic 
characteristics despite great increase in 
size. Although it may appear unfortunate 
to those not technical specialists of endo¬ 
crinology, the authors nave refrained, it 
seems wisely, from giving a general inter¬ 
pretative summary of their work. Refer¬ 
ences arc given at the end of each paper 
and a subject index for the whole volume 
is included. 



An Outline of Immunity. 

By W. W. C. TopUy. William Wood 
and Co. 9 Baltimore . $6.00. 9$ x 6$; 
vii + 415; 1Q33. 

A text-book designed for the advanced 
student in pathology, bacteriology or 
hygiene, or more specifically for the pre- 
clinical student in medicine. Immunity 
is defined and considered as that which is 
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better expressed and understood as re¬ 
sistance. This idea implying variability, 
the author gives in the second chapter 
typical statistical procedures useful in 
immunological problems. 

The classical concepts, theories and 
terminology of the field are given in a 
developmental order, and they are evalu¬ 
ated in terms of up-to-date experimental 
procedure. By elucidating each concept 
with specific examples a great deal of 
essential technical detail is got into the 
text. Further clarity is gamed by ex¬ 
tensive use of protocols and diagrams. 
The concept that segregation through 
heredity contributes to the variability in 
immunological reactions is conspicuously 
absent. 

In cases where the biological nature of 
the therapy is not beyond the controversial 
stage, as with bacteriophage and many 
other newly proposed techniques, the 
author takes an optimistic attitude and 
spares no labor in abstracting the best 
authorities. 

The book is carefullv organized with 
index, chapter sub-heads and topic titles. 
Each chapter has a summary and an ex¬ 
tensive list of references. 



Rose Research on Lymph adenoma. 
Contributors: Sir Thomas Horder , M. H. 
Gordon , Kenneth Stone , Lawrence P. Gar- 
rod , E. R. Cullinan , B. D. Pullinger. 
William Wood and Co ., Baltimore. $7.2.5. 
iof X7i; v+ 136 + 98 plate figures. 
The scries of papers presented in this book 
report the essential findings of the last 
four years of work of the Rose Research 
on Lymphadenoma. Considerably over 
half of the volume is devoted to Dr. M. 
H. Gordon’s studies on the etiology of 
lymphadenoma or Hodgkin's disease, in 
which it is shown that the etiological 
agent is not a spirochete, the tubercle 
bacillus, or a mycotic organism. On the 
other hand highly convincing evidence is 
given which indicates that the true causa¬ 
tive agent is a particulate, living micro¬ 
organism of the type of the larger viruses. 
Other papers in the book include Sir 
Thomas Horder's clinical description of 
Hodgkin's disease; Kenneth Stone's and 


Lawrence Garrod's studies on the serologi¬ 
cal and morphological characteristics of 
the yeasts found in adenomatous glands; 
E. R. Cullinan's hematological observa¬ 
tions of inoculated rabbits and guinea 
pigs; and B. D. Pullinger's contribution to 
the histology and histogenesis of the 
lymphoid tissues. Altogether the book 
is representative of the highest tvpc of 
cooperative research. The cytological 
drawings are examples of both superl¬ 
ative medical art and excellent printing. 



The Distribution of the Currents of 
Action and of Injury Displayed by 
Heart Muscle and Other Excitable 
Tissues. University of Michigan Studies , 
Scientific Series , Volume X. 

By Frank N. Wilson , A. Garrard Macleod 
and Paul S. Barker. University of Michi¬ 
gan Press , Ann Arbor . $1.50 net. iof x 
8; vii + 59; 1933. 

Preliminary reports dealing with this in¬ 
vestigation have been published QProc. 
Soc. Exp. Biol. Med. y Vol. X7, p. 588, 1930, 
and Jour. Gen. Physiol ., Vol. 16, p. 413, 
1933J but these papers did not include the 
discussion of currents produced by injured 
tissue and the intermediate stages of the 
mathematical treatment presented here. 
The starting point of this study is the 
proposition that the electrical relations of 
organs surrounded by air, as many physi¬ 
ologists have been content to study them, 
must differ from the relations within the 
body because air is a good dielectric. 
The purpose of this treatise is "to discuss 
in some detail the laws that govern the 
flow of electric currents in volume con¬ 
ductors; to apply them to the analysis of 
certain curves obtained with the string 
galvanometer by leading directly from 
the surface of the mammalian auricle and 
from the injured surface of the turtle’s 
ventricle” and to explain the results in 
terms of the membrane theory. 



The Modern Treatment of Syphilis. 

By Joseph E. Moore. Charles C. Thomas , 
Springfield , III. $5.00 postpaid. 9! x 
6 t; * + 535; 1933. 
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This volume satisfies a great need in 
medical literature. Written by an out¬ 
standing clinician it gives in clear and 
precise terms the therapeutic measures 
found most effective in the different types 
of syphilis. The general practitioner, 
for whom it is intended, will find its 
fundamental empiricism a relief from the 
vagueness of theoretical textbooks. While 
the author does not neglect the philo¬ 
sophical theories, and, in fact, gives an 
adequate exposition of them, he emphasizes 
particularly the practical aspects and de¬ 
rives his conclusions almost wholly from 
his long experience at the head of one of 
the largest clinics in the country. The 
statistics presented to justify these con¬ 
clusions are impressive, but, in our opin¬ 
ion, would carry greater conviction if 
the data comprised a larger sample of the 
vast material collected. 

In the human biologist especial interest 
is aroused by the author’s comments on 
the social and personal aspects of the 
disease, which really deserve further 
amplification and should be brought to 
the attention of the layman. 



Trait£ de Physiologie Normals et Pa- 
thjplogique. Tome I. Physiologie Generale . 
By L. Ambardy M. Arthus , E. Bachrach , 
A. BlanchePtirCy H. Car dot, A. Chevallier , 
A. Lacassagne , A. Folicard , G-H. Roger , 
/. Veme 9 F . Vlh. Published under the 
direction of G.-H. Roger and Lion Binet . 
Masson et City Paris. 165 francs. 9I x 
6 f; xvi + 1140; 1933. 

It is not likely that this introduction to 
general physiology will fulfill the expec¬ 
tation of its editor and “enhance the 
prestige of French science.*’ The col¬ 
laborators in this enterprise have written 
with considerable literary skill of the 
general status of their several fields of 
knowledge and have pointed out certain 
unsolved problems but they are rather 
hazy about just what has actually been 
found out, particularly when the work 
has been done outside of France. The 
best section is a survey of biochemistry 
by Blanchctiire which takes up about half 
tne book, and is the only section accom¬ 


panied by an adequate bibliography, 
besides this, there arc general surveys of 
chemical physiology and physical chem¬ 
istry, and a number of chapters that seem 
to nave been included because they did 
not belong in any other of the eleven 
volumes of this treatise. There is no 
index. 



Behind the Doctor. 

By Logan Clendening. Alfred A. Knopf , 

New York. $3.75 net. x 6J; xxxii 

+ 45 8 ; 

This histoire romancie of medicine is excel¬ 
lent and, within its limits, very accurate. 
The scrupulosity of the author is such 
that he has added an appendix to indicate 
the points where he has given free play 
to his imagination or where the authen¬ 
ticity of the historical source is doubtful. 
The author’s intention is to give the lay¬ 
man an understanding of the discoveries 
which have contributed to the present 
state of medical knowledge and practice. 
To accomplish this in an entertaining 
manner he considers these discoveries in 
terms of the individuals whose investi¬ 
gations have directly or indirectly led to 
them. With rare literary skill he de¬ 
scribes their personalities, physical and 
spiritual, their environments, and the 
means by which they achieved their goals. 

Of the many recent popular books on 
medical history this is without a doubt 
one of the best. 



La Dualisms de la Contraction Cardia- 
que. Recherches Experimental du Labo - 
ratoire de Thirapeutique de VUniversiti de 
Liige. 

By F. Henri jean. Masson et City Paris. 
50 francs. 9! x 6£; xi + 350; 1933 
(paper). 

In this posthumous publication of the 
eminent Belgian physiologist are recorded 
the ultimate theories derived from his 
investigations on the nature of the heart 
beat. Special emphasis is placed on the 
fact that in certain conditions spontaneous 
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contractions and formation of the rhythmi¬ 
cal electrical phenomena of the heart per¬ 
sist after death. Also, experiments on 
the effects of chloroform, ether, and vari¬ 
ations in the quantity of the sodium, 
calcium, or potassium ions on the cardiac 
functions as observed with electrocardio- 
rams lead the author to reject the possi- 
ility that the myogenic or neurogenic 
theories alone can explain the character 
of the cardiac contraction. The compli¬ 
cated picture which he presents cannot 
be here described but in the reviewer’s 
opinion warrants further investigation. 



Les Reactions du Tissu Pulmonaire dans 
la Tuberculose. Etude Experimental* et 
Interpretation . (Substratum Anatomo-Patbo- 

logique de I'Etat d' Allergic). 

By E. Leuret and J . Caussimon. Masson 
et Cie, Paris. 30 francs. 9f x 6f; iv + 
^ 85; 1933 (paper). 

This is one of a series of studies on tuber¬ 
culosis undertaken under the direction of 
Professor Leon Bernard. Experimental 
work on rabbits leads the authors to the 
view that in pulmonary lesions the im¬ 
portant factor relative to the outcome 
is the reaction of the tissues to the causa¬ 
tive foreign elements. The elimination 
of these elements they observe follows a 
simple scheme. This is evidently not so 
in human tuberculosis. They explain this 
departure from the simplicity or reaction 
on the basis that the follicular lesions are 
caused by more or less temporary fixation 
of tubercle bacilli, so that, in the evolu¬ 
tion of the disease there is formation of 
olymorphic lesions due to alternating 
xation and elimination. 



The New Dentistry. A Phase of Preven¬ 
tive Medicine . Six Lowell Lectures . 

By Leroy M. S. Miner. Harvard Uni¬ 
versity Press , Cambridge . $1.00. x 
4$; 2.19; 1933. 

The development of dentistry as a modern 
science is outlined in an interesting and 
readable form. Archeological evidence of 


dentistry is reviewed; the crude as well as 
clever craftmanship of historical ages is 
pointed out; and the discussion of the re- 
lacement of mechanical dental procedure 
v a broad knowledge derived from bi¬ 
ological research makes up the major part 
of the book. Although the style is that 
of the popular lecture, the thoroughly 
scientific outlook of the author is always 
evident. The book can be recommended 
as a worthy appeal for unbiased programs 
of research in all phases of biology. 



Les Prematures. I. Physiologie du Prema¬ 
ture, by H. Vignes. II. Etude Clinique et 
Therapeutique, by G. Blechmann . 

Masson et Cie , Paris. 10 francs. 7! x 

5!; l6i ; x 933 (paper). 

The physiological inferiority of the pre¬ 
mature infant is described by Dr. H. 
Vignes in the first part of this book. He 
observes that the probability of survival 
is dependent upon the degree of prema¬ 
turity, the absence of birth trauma, and 
the absence of congenital disease. In the 
second part, Dr. Blechmann discusses the 
clinical measures and therapy that aid a 
normal adaptation to extra-uterine life. 
It is written in concise style and the review 
of the literature is excellent. 



Probl£mes Th£oriques et Pratiques de la 
Transfusion Sanguine. Dix Lemons: In¬ 
dications. Groupes Sanguins. Accidents. 
Technique. Organisation. Himothlrapie. 
Phylactotransfusion. Immunotransfusion. 

By Arnault Tzanck. Masson et Cie, Paris . 
35 francs. 9! x 6|; 111; 1933 (paper). 
The author appears to have covered 
pretty thoroughly in this handbook the 
work of the French on blood transfusion. 
The material is divided into ten sections 
covering the ground indicated in the title. 
It includes a discussion of transfusion from 
cadaver to living man, and ends with 18 
aphorisms. The bibliography of three 
ages is confined to French items, mostly 
y the author and his co-workers in the 
hospitals of Paris. 
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Our Common Enbmy: Colds. 

By the Editors of “ Fortum ” Consul¬ 
tation with Eminent Physicians . Robert 
M . McBride and Co., New York . $1.00. 
6f x 4; ioi; 1934. 

This little book sums up for the general 
reader what is known about the causation 
and treatment of colds. The good old 
remedy, “rest in bed,“ still seems to be 
the best measure, not only to cure a cold, 
but to prevent its spread to other victims. 
The book was published too early to 
mention the encouraging results found by 
Diehl from the use of codein and papav- 
erin. The second part of the book gives 
an amusing description of the business of 
advertising and selling cold remedies. 



Diet and Dental Health. 

By Milton T. Hanke . University of Chi¬ 
cago Press , Chicago . $4.00. 9 x 6; xi + 

With the financial assistance of the Cali¬ 
fornia Fruit Growers Exchange, the 
author and the Chicago Dental Research 
Club (an organization of twelve practicing 
dentists) arc able to present in this book 
convincing evidence that in the majority 
of growing children gingivitis may be 
vented and cured, and dental caries may 
arrested and prevented, by the daily 
addition of one pint of orange juice to an 
otherwise adequate diet. The book is 
not well written and includes much that 
is superfluous; its value is greatly en¬ 
hanced by the inclusion of a series of 
beautiful color photographs and an ap¬ 
pendix of seriatim observations for a three- 
year period of the oral status of 400 
children. 



Symposium on Metabolism. Sigma Xi 
Lectures for 193$. Ohio State University. 
Ohio State Chapter Sigma Xi, Columbus . 
$1.00. 10 x ; 130; 1933 (paper). 

T. M. Carpenter contributes two very 
readable articles, one on the history of the 
measurement of the gaseous products of 


metabolism and heat production in man, 
in which the principles underlying the 
measurement are explained nicely; and 
one on the interpretation of such data. 
J. R. Murlin discusses the work done on 
carbohydrate metabolism in his labora¬ 
tory; J. B. Brown reviews fat metabolism 
briefly; W. C. Rose discusses the nutri¬ 
tional significance of amino acids; E. B. 
Forbes has a chapter on mineral metab¬ 
olism; and G. M. Curtis rounds off the 
collection with a paper principally de¬ 
voted to the iodine-goiter problem. The 
whole series makes a convenient introduc¬ 
tion to the field for anyone who has had 
a year or two of chemistry. 



t 

Starling s Principles of Human Physi¬ 
ology. Sixth Edition. 

Edited and Revised by C. Lovatt Evans. 
The Chapters on the Central Nervous System 
and Sense Organs Revised by H. Hartridge. 
Lea and Febiger , Philadelphia. $8.75. 
9f x 6; xiii + iilx; 1933. 

We have already commented (Vol. I, 
p. 599) on the masterly way in which the 
whole field of physiology was surveyed 
by the late Professor Starling. The sixth 
edition, prepared by Professor Evans, has 
been thoroughly revised and several chap¬ 
ters have been largely rewritten to keep 
up with recent aevelopments. In this 
edition a few literature references, usually 
to reviews, have been added to each 
chapter. 



Laboratory Directions in General 
Physiology. Third Revised Edition. 

By E . Newton Harvey and Arthur K. Par- 
part. Henry Holt and Co., New York. 
60 cents. 9% x 7!; iii + 45; 1933 (paper) 
This is the third revised edition of labora¬ 
tory directions covering the topics: physi¬ 
cal chemistry of cells, movement, circu¬ 
lation, and respiration. The directions 
are clearly worded and the apparatus 
requirements moderate. 
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BIOLOGIE DE LA FACULTY DE PhARMACIB 

de Nancy. Fascicule VI. 

Faculti de Pharmacies Nancy. 9! x 6§; 
164; 1933 (paper). 



BIOCHEMISTRY 

Medizinische Kolloidlehre. Lieferun- 
gen 7, 8 und 9. 

Edited by L. Lichtwitz, Raph. Ed. Liese- 
gang and Karl Spiro. Theodor Steinkojtff, 
Dresden. 5 marks each, iof x 7I; Lief. 
6, pp. 385-464; Lief. 7, pp. 465-518; 
Lief. 8, pp. 519-608; Lief. 9, pp. 609- 
688; 1933 (paper). 

Previous sections of this excellent series 
of papers on the application of colloid 
research to medicine have already been 
noticed in these columns. In the present 
fRur numbers K. Klinke discusses blood 
(with a section on thrombosis and em¬ 
bolism, by H. Lampcrt, and one on the 
vehicular function of the white corpuscles, 
by Hermann Bernhold) and lymph; R. E. 
Licsegang writes on water economy, the 
kidneys, stomach and intestines; J. Tann- 
enberg treats the blood-vessels; and G. 
Boehm contributes a paper on muscle. 



Handbuch der biologischen Arbeits- 
methoden. Lieferung 429. Containing 
following articles: Methoden %ur Unter - 
suchung aer chemischen Zusammenset%ung von 
Bakterien, by Erwin Chargaff; Bakteri- 
ologische Differentialdiagnose 9 by Otfrid 
Ehrismann. 

Urban und Schwarzenberg 9 Berlin. 15.60 

marks. 10 x 7; 334; 1933 (paper). 

The first paper in this number of the 
Abderhalden Handbuch gives in 57 pages fhe 
methods of determining the chemical 
composition of pneumococci, Friedlander 
bacilli, the human, bovine and avian 
tubercle bacilli, hay bacillus, Bacillus Cal- 
mctte-Gu6rin, and the diphtheria bacillus. 

The second paper on bacteriological 
differential diagnosis contains instructions 
for identification, staining and culture. 
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The second paper is indexed and both are 
documented. 



Le Phosphors. Techniques Chimiques — 
Physiologie — Patholoiie — Thlrapeutique. 

By M. Labbi and M. Fabrykant. Masson 
et de, Paris. 55 francs. 10 x 64 ; 395; 
^.93? (paper). 

This is a thorough and systematic review 
of the present knowledge of the chemistry 
and metabolism of phosphorus and its 
r 61 c, physiologically and therapeutically, 
in certain diseases such as those of the 
liver, kidneys and bone, anemia, rickets 
and tetanus. In the lengthy bibliog¬ 
raphies provided for each section, French, 
German and English investigators arc 
fairly evenly represented. 



SEX 

Human Sex Anatomy. A Topographical 
Hand Atlas. 

By Robert L. Dickinson. The Williams 

<& Wilkins Co. 9 Baltimore. $10.00. n\ 

x 9; xiii + 145 + 175 figures; 1933. 

This magnificently produced volume is a 
monument to its author’s indefatigable 
diligence, his love of details, and his 
skill as a draftsman. It is an encyclopedic 
atlas of sex in all its aspects, physiological, 
behavioristic and psychological, as well 
as anatomical. It is based primarily 
upon Dr. Dickinson’s literally enormous 
experience as a practicing gynecologist 
and secondarily upon his wide knowledge 
of the medical literature of sex in the 
human species. There are 133 pages of 
text, divided into nine chapters and a 
bibliography. These chapters have to do 
successively with: Purpose and methods; 
the bony pelvis; uterus, ovaries and tubes; 
the vagina; the vulva and breast; male 
genital anatomy; the anatomy of coitus; 
the anatomy and control of conception; 
conclusion and program. The remaining 
and much larger half of the book consists 
of some 175 plates, arranged on the same 
plan as the text. All of these plates have 
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some value; some of them are superb, 
better than anything hitherto existing; 
some we regret to say arc so crowded 
and/or so badly arranged as to be merely 
confusing to the reader. 

Altogether this is a remarkable book, 
that will for a long time be found useful 
as a reference work. There is a djtailcd 
index, and a fairly extensive though by 
no means complete bibliography. One 
wonders, to take a single example, at the 
absence of citation of a book having a 
similar purpose, point of view and man¬ 
ner of treatment, also illustrated with 
beautiful if not too precisely accurate 
quarto plates in color, which appeared 
over 80 years ago—the Histoire de la 
glnlration de Vhommt by Grimaud dc Caux 
and Martin Saint-Ange. 

Dr. Dickinson is an enthusiast and a 
crusader, trying in his very effective way 
to make this world a better place to live 
in by increasing our knowledge about 
sex. His books are always interesting 
and stimulating. And no one realizes 
more clearly than he the incompleteness 
and deficiencies of his work. Of the 
present volume he says that it is “a mere 
sketchbook, a beginning.*’ Some day it 
will doubtless be followed by a much 
duller but more systematically thorough 
treatise. In the meantime every student 
of the subject will be sincerely grateful 
to Dr. Dickinson for what he has done. 



Birth Control in Practice. Analysis of 
Ten Thousand Case Histories of the Birth 
Control Clinical Research Bureau . 

Text and Tables by Marie E. Kopp. Pre¬ 
pared under the Supervision of a Scientific 
Advisory Committee . Robert M. McBride 
and Co., New York . $3.75 net. x 5!; 
190; 1934. 

Ten thousand cases from Margaret Sang¬ 
er’s Birth Control Clinic in New York 
City form the basis for this book. Ac¬ 
cording to the preface the report was pre¬ 
pared under the supervision of a Scientific 
Advisory Committee by Marie E. Kopp. 
There is a vast amount of material and 
detail which does not always make easy 


and connected reading but is clear and 
understandable. The book is divided into 
five sections dealing with sources and 
methods of collection, sociological and 
economic factors, physiological fact ora, 
indications for the postponement of con¬ 
ception, and a summary. 

The statistical treatment is extremely 
simple, consisting almost entirely of per¬ 
centages of this and that together with a 
few averages, medians, and modes. No 
analysis of the variation of the material 
in a statistical sense is attempted. . There 
arc many tables (81 in fact) given in the 
body of the text besides 50 master tables 
in small type given in the appendix. 
There are many interesting data presented 
here. Ninety-three per cent are said to 
have used what they believed to be con¬ 
traceptives before they applied to the 
clinic for help. Four per cent had never 
been pregnant while 6 per cent had prac¬ 
tically complete families. The latty 
group averaged six pregnancies apiece. 
Sixty per cent of the 10,000 were listed 
as having “general medical disorders.*' 
The results in various respects are not in 
accord with the data from more carefully 
and scientifically controlled clinics. 



Woman's Periodicity. 

By Mary Chadwick. Noel Douglas, Lon¬ 
don. 6 shillings. x 4I; 2.2.8; 1933. 
This book begins with a short survey of 
the customs, beliefs and taboos connected 
with menstruation and then attempts to 
trace 

where possible the various ways in which these have 
been handed down to the present day, trying to show 
how they survive actually in curious superstitions 
that still obtain amon^ civilized peoples, exercising 
an even more powerful influence upon their lives from 
recesses among the deeper structures of the mind of 
both men ana women. From these hiding-places 
they may be found to originate strange ideas, dreams, 
phantasies, and symptoms, that assume exaggerated 
prominence during tne menstrual period. 

The content and general tone of the 
book follow in the main the author's 
earlier work The Psychological Effects of 
Menstruation , noticed with scepticism in 
this Review (Vol. 8, p. 1x5). 
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La Dur£b db la Grossbssb et Sbs 
Anomalies. 

By Henri Vignes v Masson et Cie, Paris . 
15 francs. 7f x 5I; 97; 1933 (paper). 
An elementary but comprehensive survey 
of the variability in the duration of preg¬ 
nancy. The distinguished author is ad¬ 
mittedly here preoccupied by the question: 
“Doctor, when shall 1 be delivered?’' In 
this review of the many investigations on 
the subject he attempts to show how 
absurd it is to make a definite prediction. 
Moreover, he points out that if the facts 
do not bear out the prediction, the strain 
of expectation may have grave psycho¬ 
logical effects on the /pregnant woman. 
This observation is expressed with a tone 
of sarcasm towards tjke modern woman and 
illustrated by his own experiences with 
patients>jfor whom delay interfered with 
social or o^her amusements! 

Sex Habits. A Vital Factor in Well- 
Being. 

By A. Buschke and F. Jacobsohn. Trans¬ 
lated from the German by Eden and Cedar 
Paul. Emerson Books , New York. $1.50. 
7f x 3§; 2.04; 1933. 

A commendable contribution to rational 
sex education translated into clear and 
simple English. The chapters dealing 
with the anatomy of reproduction are 
well illustrated and the physiological in¬ 
formation is thoroughly scientific. At 
least half of the volume is given to dis¬ 
cussion of the social aspects of sex rela¬ 
tive to marriage, heredity, hygiene and 
many other topics contributory to indi¬ 
vidual sex sanity. 



BIOMETRY 

Outlines of Biometric Analysis. Part I. 
Revised Edition. 

By Alan E. Treloar . Burgess Publishing 
Co •, Minneapolis . $1.65. 11 x 8J; 65; 

1933 (paper). 

This outline was prepared for use m the 
author’s course in Biometric Principles 
at the University of Minnesota. The 


method of presentation was developed in 
large part by the late Professor J. Arthur 
Harris. The subjects treated arc centering 
constants, dispersion, the normal curve, 
the binomial series, the x 2 criterion, cor¬ 
relation and regression, and errors of 
random sampling. The treatment is clear 
and the doctrine in general sound, espe¬ 
cially in its emphasis on statistical pit- 
falls. However, the standard deviation 
of a Poisson scries is equal, not to the 
mean, as the author states, but to the 
square root of the mean. 



Mathematical Facts and Processes Pre¬ 
requisite to the Study of the Calculus. 
Teachers College , Columbia University , Con¬ 
tributions to Education , No. si2. Published 
with the Approval of Prof. Clifford B. Upton y 
Sponsor. 

By William H. Eagerstrom. Bureau of 
Publications , Teachers College , Columbia 
University , New York. $1.50. 9 x 5$; 

vii + 68; 1933. 

Since one of the important functions of 
high school mathematics is the prepara¬ 
tion of the student for the study of calculus 
in his college work, the author has an¬ 
alyzed the problems in Granville, Smith 
and Longley’s Elements of the Differential 
and Integral Calculus to see how much of 
what has been taught the student in 
high school is actually used in his calculus 
course. He concludes that part of the 
time spent on advanced algebra and trig¬ 
onometry might better be given to 
analytic geometry. 



PSYCHOLOGY AND BEHAVIOR 

Race Psychology. A Study of Racial 
Mental Differences . 

By Thomas R. Garth . Whittlesey House , 
McGraw-Hill Book Co. $1.50. 8x5!; 
xiv + 160; 1933. 

This is a timely book. It contains much 
that will be useful to the student of human 
biology while at the same time it is well 
within the grasp of the general reader. 
The author has collected all the results 
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of a scientific nature on racial differences 
m mental traits that have been made 
since 1881. He also includes much of 
his own work. All the data are tabulated 
in such form as to be readily compre¬ 
hended. So much work of a preliminary 
character remains to be done in this new 
field that many sections of the book are 
merely discussions of future lines of prof¬ 
itable study. Three pertinent facts are 
emphasized in the summary, (i) Selec¬ 
tion operates in man as well as elsewhere. 
“One race of men may profit by the opera¬ 
tion of. selection, cither natural or arti¬ 
ficial, while another may not. * * * ‘That is, 

through selection one trait may be em¬ 
phasized in one and not in another, though 
both possess the trait in common.” (1) 
The races of men arc mobile. “What we 
call races arc merely temporary eddies in 
the history of humankind in which com¬ 
mon human traits—at least somatological 
traits, if not mental traits—have become 
emphasized. Removal of the barriers 
causing the eddies causes the emphasis to 
dissolve in the common racial stream/' 
(3) Nurture changes native traits. 4 ‘Much 
of the difference found in the results of 
studies of racial differences in mental 
traits is due to differences in nurtural 
factors and the rest is due to racial mo¬ 
bility, so that one race has a temporary 
advantage over another. *' The work con¬ 
tains a lengthy bibliography and an ap¬ 
pendix giving a description of experi¬ 
mental and statistical studies in race 
psychology. There arc author and sub¬ 
ject indices. R. S. Woodworth contrib¬ 
utes a foreword. 



Human Mentality in the Light of Psy¬ 
chiatric Experience . An Outline of General 
Psychiatry . 

By Bror Gadelius . Levin und Munks- 
gaard , Copenhagen . Dan. Cr. 33. 9! x 

6f; 19^3- 

This translation of a oevised and enlarged 
edition of parts I and II, together forming 
an independent volume, of a Swedish text¬ 
book is intended as a general guide to 
psychology as well as psychiatry. The 
book opens with a brief historical survey 
of psycniatric theories and practice and 


the care of the insane, and a consideration 
of epistemological viewpoints. Sections 
follow treating the functional structure of 
mental life and its morbid changes, the 

f enetic and exogenous causes of mental 
iscasc, and treatment. The author's ap¬ 
proach is predominantly psychological, 
and he little more than glides over the 
morbid anatomy. However, he discusses 
at length the rdle of the endocrine glands 
and the vegetative nervous system in 
mental disorder. 

Gadelius apparently has little use for 
Freudian doctrines and includes a chapter 
on psychoanalysis merely because 

as I have desired to maintain the extreme importance 
of psychotherapy in evfcry form of mental suffering, 
I have found it advisable in view of the great influ¬ 
ence exercised by the Freudian doctrines, and the 
impress of dogmatic one sidedness they have imparted 
to the theory and practice of medical treatment, to 
subject psychoanalysis to a critical examination. 

Although the book will scarcely be 
found suitable as a textbqok for beginnefs 
in this country, it will be valuable to 
advanced students who wish to become 
better acquainted with the views of Euro¬ 
pean psychiatrists. 

Bibliographies are appended to the 
separate chapters. The index is not very 
adequate. 



A Survey of the Science of Psychology. 
By J. R. Kantor . The Principia Press , 
Bloomington , Ind. $3.75 postpaid. 9 x 
6; xvii + 564; 1933. 

Kantor takes the view that all psycho¬ 
logical phenomena must be described as 
part of the activities of an entire organism 
engaged in preserving a balance among its 
own numerous processes and in responding 
to the influences of the environment in 
such a way as to preserve its totality. 
Accordingly, his treatment may be classi¬ 
fied as organismic. The distinctive fea¬ 
ture of the book is the large number of 
separate fields of human biology which 
arc surveyed in order to provide a basis 
for a complete description of a psycho¬ 
logical organism. There are chapters on 
human anatomy and physiology, Brief re¬ 
views of the fundamentals pf genetics and 
development, and in connection with the 
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discussion of man's ecological relation¬ 
ships there are two chapters on human 
races and the means by which they can 
be studied. It is written as a textbook 
for college students, with the numerous 
chapter subheadings and subdivisions usu¬ 
ally considered appropriate, and it ought 
to be a good book for college students to 
be exposed to. In addition to explaining 
the principles of psychology, the way in 
which they have been worked out, and 
the nature of the problems now under 
study, in an interesting and frequently 
original way there arc a good many pro¬ 
vocative introductions to ideas on other 
subjects as well. For instance, “Free 
thinking is a rarity. Freedom of thought, 
in the ordinary sense of the word, merely 
means that we arc not prevented by some 
particular group from thinking the way 
some other group docs." There arc 45 
pages of literature references to other 
textbooks and to recent articles in the 
standard psychological journals classified 
according to subject matter, and an ex¬ 
cellent index. 


The Blind in School and Society. A 
Psychological Study. 

By Thomas D. Cutsforth. D. Appleton - 

Century Co ., New York. $1.50. 8 x 5^; 

xvii + 163; 1933. 

Dr. Cutsforth, Instructor in Psychology in 
the University of Kansas, in this book tells 
us what is wrong with the present system 
of education for the blind, and gives sug¬ 
gestions for corrective measures. To use 
a simile of the author’s, teachers generally 
liken a blind child to a six-cylinder auto¬ 
mobile with one cylinder missing, rather 
than one with a five-cylinder engine "or¬ 
ganized to function perfectly upon his 
level of sensory equipment.' * They there¬ 
fore think that 4 nis education must not 


only be education, but must also supply 
the missing power and also make the car 
sound as if it really were hitting on six 
cylinders." 

Tests made on children in schools for 
the blind showed that more often than 
not the children employ visual concepts 
when other sensory ones are just as avail¬ 
able and much more meaningful to them. 


Like most pupils the blind are prone to 
give the answer expected of them by the 
teacher to make a passing grade. The 
author, of course, makes no objection to 
teaching the use of visual symbolism to 
the blind, so long as no attempt is made 
to discredit their own meaningful sensory 
experience. 

The thesis that the conventional edu¬ 
cation given the blind leads to verbal, in¬ 
tellectual and esthetic hypocrisy, as well 
as to psychological and social maladjust¬ 
ments, is carefully argued, convincingly 
written and illustrated with numerous 
case histories. The book is a noteworthy 
contribution to the psychology of the 
blind, and should not be neglected by 
those concerned in their education. 

A glossary, bibliography, an appendix 
of "problems for further study" and an 
index are provided. 


A Hundred Years of Psychology. 1833- 
1933 - 

By J . C. Flu gel. The Macmillan Co., 

New York. $3.75. 8$ x 5!; 384; 1933. 

This stimulating and well written book 
is the first of a scries designed to trace 
the history of the various sciences during 
the past hundred years. After a survey of 
psychology as it existed a hundred years 
ago, a time when its close connection 
with physiology, and its possible practical 
applications, especially m education and 
the study of mental disease, were begin¬ 
ning to be realized, Professor Flugel di¬ 
vides his century into three parts, 1833- 
1860, 1860-1900, and 1900-1933. In the 
first of these periods the tendencies already 
noted continued to develop. The second 
period is characterized by the growth of 
experimental psychology and of the evolu¬ 
tionary point of view consequent on 
Darwin's Origin of Species. In the third 
period "we find psychology embarking 
on the process of specialization incidental 
to the growth of new schools, each school 
having its own peculiar methods and out¬ 
look and even to a considerable extent its 
own peculiar jargon." The description 
of the various schools and their work 
gives the reader a clear and vivid picture 
of the progress of psychology in the past 
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three decades. In particular, the chapter 
on Freud is one of the best brief exposi¬ 
tions of psychoanalysis that we have 
found. Flugel emphasizes especially the 
sociological importance of Freud’s work 
on the super-ego. Only by realizing the 
archaic and irrational character of the 
morality that the super-ego imposes can 
we hope to evolve a more reasonable and 
humane morality. The book contains a 
bibliography of ten pages, a chronological 
table of events in the history of modern 
psychology, and author and subject 
indexes. 



The Nature of Human Conflicts, or 
Emotion , Conflict and Will. An Objective 
Study of Disorganisation and Control of 
Human Behaviour. 

By A. R. Luria. Translated from the 

Russian and edited by W. Horsley Gantt. 

Liveright Publishing Corf ., New York. 

$4.00. 8f x 5f; xvii + 431; 1932.. 

Here arc presented the results of an experi¬ 
mental psychological investigation on the 
disorganization and control of human be¬ 
havior. The ingenious method of routine 
investigation records, in relation to time 
and form, the individual motor and speech 
reactions to spoken stimuli. Thus, ac¬ 
cording to the author, is reflected “the 
whole dynamic character of the central 
ncurodynamic process of the attention.” 

In the first part, on psychophysiology 
of the affective processes, are illustrated 
the abnormal reactions associated with 
various forms of emotion. These lead to 
the conclusion that “marked disturbances 
in the motor system occur every time the 
movements fall directly into the sphere 
of affect” and this is attributed to the 
fact that ”thc cortical apparatus is not 
in a condition to dominate the masses of 
excitation in the affect.” 

In the second and third parts of this 
volume the author seeks to determine the 
mode of action and genesis of the con¬ 
flicting processes which cause the ab¬ 
normal neurodynamic reactions. This he 
attempts to determine by the creation of 
artificial conflicts, observations on hys¬ 


terical patients, etc., and especially in 
the study of the development of behavior 
from childhood to adult age. 

This work is an outstanding contribu¬ 
tion to psychology. 



Hypnosis and Suggestibility. An Expert- 
mental Approach. 

By Clark L. Hull. D. Appleton-Century 

Co ., New York. $3.75. 8f x 5I; xii + 

416; 1933. 

The primary purpose of this treatise is to 
make available to the general public the 
results of a program of experimental re¬ 
search on the problems of hypnosis carried 
out in Professor Hull’s laboratory at Yale 
over a period of about ten years. In do¬ 
ing this the author has correlated and 
integrated this work with that of others 
reported in the literature. The net result 
is a useful and significant presentation of 
the whole subject, viewed from a rigidly 
objective experimental standpoint. The 
author has no illusion about the extra¬ 
ordinary difficulties and complexities in¬ 
herent in the phenomena of hypnosis and 
suggestibility. He says: 

These difficulties are so great that to enter seriously 
on a program of investigation in this field is a little 
like tempting fate; it is almost to court scientific 
disaster. Small wonder that orthodox scientists have 
usually avoided the subject I Yet each generation 
may be expected in the future, as in the past, to pro¬ 
duce a very few rash souls who will not only risk the 
dangers of making scientific errors but will also have 
the courage to brave the semi-superstitious fears of 
the general public and the uneasy suspicions of their 
orthodox scientific brethren. It is to them that the 
present work is really addressed. 

The author concludes as the net general 
result of his study that hypnosis is merely 
a quantitative upward shift in suscepti¬ 
bility to suggestion, differing only quanti¬ 
tatively and not qualitatively from the 
normal waking state. Specifically he is 
of the opinion that no phenomenon can be 
produced in the hypnotic state that cannot 
in lesser degree be produced in the normal 
waking condition. 

The book is well organized and written, 
abundantly and significantly illustrated, 
and provided with adequate bibliogra¬ 
phies and indices. 
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An Experimental Study of Factors In¬ 
fluencing Consonance Judgments. A 
Study from the Psychological Laboratory of 
Vanderbilt University, Psychological Mono¬ 
graphs , Vol, XLF, No. 2. Whole No. 201. 
By Eugene G. Bugg. Psychological Review 
Co.y Princeton , N.J. $1.50. 9f x 6f; vi + 
100; 1933 (paper). 

Although the problem of the consonance of 
musical tones has been under discussion 
since the days of Pythagoras there is no 
general agreement as to the nature of the 
phenomenon. Some have regarded judg¬ 
ments of consonance as cognitive in char¬ 
acter while others have held them to be 
essentially judgments of pleasantness or 
unpleasantness. On the basis of his ex¬ 
periments the author of this monograph 
concludes that comparative judgments of 
consonance arc complex phenomena, which 
arc often influenced by tne affective quality 
of the intervals, but that consonance and 
affective quality are not synonymous. 
When subjects were given a single criterion 
by which to judge the relative consonance 
of two intervals their judgments in repeated 
tests were more consistent than when they 
used several criteria. The gross score ob¬ 
tained for the Seashore Consonance Test 
is, the author concludes, of little value. 
There is a bibliography of 31 titles. 



The Supernormal. A Critical Introduc¬ 
tion to Psychic Science. 

By G. C. Barnard. Rider and Co ., London. 

7s.6d.net. 8^x5^156 »933. 
“Supernormal,* * according tc the author, 
“does not imply any more thin that the 
phenomena in question are highH unusual, 
and take place under conditions and hrough 
agencies of whose nature we are ignorant. * ’ 
This book aims to study scientifically what 
is known “unquestionably* ’ of psychic 
science. We feel sure that the author has 
achieved his aim since he explains many of 
the supernormal events as happening along 
the fourth dimension—which surely is 
scientific! In several places and connect¬ 
ions, we are warned that the only way to 
prove supernormal occurrences is by being 
sympathetic with the medium. Attempting 
to seize ectoplasm is taboo. The fourth 
dimension, the subconscious, ectoplasm and 
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other equally natural (?) explanations are 
regarded as sufficient without having re¬ 
course to spiritualism. 



Modern Man in Search of a Soul. 

By C. G. Jung. Harcourt , Brace and Co.y 

New York. $3.00. 8$ x 5$; ix + 181; 

1933 - 

The theme that recurs again and again in 
this collection of essays by the distinguished 
Swiss psychotherapist is that, while the 
purely intellectual tare served up to modern* 
man by science turns out not to be an ade¬ 
quate diet, the neat packages labeled spiri¬ 
tual food which are marketed by the 
churches prove to be equally deficient in 
vitamins. Jung is therefore disposed to 
turn to the mysticism of the East as a richer 
source of spiritual sustenance. Among 
other interesting essays are those in which 
he explains his psychological theory of 
types and the differences between his view¬ 
point and that of Freud. 



Some Experiments in Four-dimensional 
Vision. 

By Geoffrey Hodson and Alexander Home. 
Rider and Co.y London. 6 shillings net. 8^ 
x 5!; xxv + 117; 1933. 

Mr. Hodson used his faculty of clairvoyant 
vision in performing five experiments of 
looking into and through solids, and Mr. 
Horne did most of the writing-up. The 
section on results, positive ana negative, 
winds up with the cogent remark: 

4 ‘What Mr. Hodson did sec, however, 
has greater significance than what he failed 
to see—to some sceptical minds, perhaps 
greater significance because he failea to sat¬ 
isfy all expectations.** 

We cannot help wondering what Mr. 
Hodson would have seen on that face of a 
cube which was held away from him, 
without Mr. Home to ask him such ques¬ 
tions as “Can you sec the number 13?’* 



Adolescence. Life's Spring Cleaning Time . 
By Beverley R. Tucker. The Stratford Co.y 
Boston . $1.15. 7I x 5; vii + ixi; 1933. 
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This little volume is arranged as a guide 
for parents, teachers and all those who are 
interested in the adolescent. Essentially a 
handbook, it gives the reader a compre¬ 
hensive appreciation of the perturbations 
which beset youth at this period. No cures 
are prescribed for the abnormal individual 
but those cases requiring the attention of a 
psychiatrist are indicated. The author is 
Professor of Nervous and Mental Diseases 
at the Medical College of Virginia. The 
book has no index. 



DE OMNIBUS REBUS 
ET QUIBUSDEM ALIIS 

Thb Limitations of Science. 

By J. W. N. Sullivan . The Viking Press , 

New York. $1.75. 8£ x 5!; v + 307; 

1933- 

Present day science, Mr. Sullivan concludes, 
being concerned only with the metrical 
aspects of phenomena, docs not give a 
complete account of the universe. Biology 
and psychology in particular have not 
yet developed concepts adequate to their 
most important problems. Purpose and 
values are left out of their subject matter, 
although science itself is inspired by the 
value of the disinterested search for truth. 

Jx. is very probable, as Whitehead maintains, that the 
<notion of particle will have to be replaced by the 
notion of organism. In order to avoid a break of 
continuity the notions of physics will have to be en¬ 
riched, and this enrichment will come from biology. 
We can look forward to a further synthesis. The 
science of mind, at present in such a rudimentary state, 
will one day take control. In the service of the prin¬ 
ciple of continuity its concepts will be extended 
throughout the wnole of nature. Only so will sci¬ 
ence reach the unity towards which it is aiming, and 
the differences between the sciences of mind and 
matter, in their present form, will be seen to be unreal. 



La Science Fran§aise depuis lb XVII® 
Sikxs. 

By Materia Caullery . Armand Colin , Paris . 
io^ofraucs. 8i x4I; 115; ioy (paper). 
This excellent brief history of French sci¬ 
ence since the days of Descartes was orig¬ 


inally delivered as a series of lectures at 
the Museum of French Art in New York. 
Although himself a biologist. Professor 
Caullery does not neglect physics and 
chemistry and their technical applications. 
The essentially positive character of the 
French mind, he concludes, has saved it 
from the tendency to construct grandiose 
edifices of theory upon a slender founda¬ 
tion of facts so characteristic of German 
science, but has sometimes discouraged the 
formation of working hypotheses that 
might have led to new fines of experiment. 
There is a bibliography of four pages and an 
index of names. 



The Romance of Research. 

By L. V. Redman and A. Vi H. Mory . The 
Williams & Wilkins Co ., Baltimore . $1.00. 
7l x 5; x + 149; 1933. 

In this number of the Century of Progress Series 
two industrial research chemists trace the 
dependence of our modern material culture 
on research in physics and chemistry. In 
these days of technological unemployment 
there is a growing feeling that the changes 
brought about by research are in danger 
of wrecking our social structure. The 
authors, however, conclude that what is 
needed is not less research in the physical 
sciences but more research in the social 
sciences. 



La Philosophie Scientifique. Vues Nou - 
velles sur ses Buts et ses Mithodes. Actualites 
Scientifiques et Industrielles XLIX. 

By Hans Reichenhach. Translated from the 
German by Ernest Vouillemin. Hermann et 
Cie , Paris . 10 francs. 10 x 64 ; 41; 1931 
(paper). 

This interesting book deals briefly with the 
effect upon philosophy of modern scientific 
research. Kant's conclusion that space 
and time are mental categories antecedent 
to experience goes into the discard along 
with final causes and vitalism. Statistical 
regularities replace causal connections, and 
this change may eventually lead to the solu¬ 
tion of the old problem of free will. 
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VIABILITY 
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THE PHENOMENA OF SALT ANTAGONISM 

TUDIES conducted by numerous 
investigators in widely separated 
fields of biology have revealed an 
interesting series of phenomena, 
associated with the influence of mineral 
salts on vital processes. The investiga¬ 
tions of Ringer, Loeb and others on the 
contractility of muscle, of Loeb, Ostwald 
and others on the viability of Fundulus , 
Gammarus y Tubularians, Medusae and 
other marine animals, of Loeb on the de¬ 
velopment and specific gravity of Fundulus 
eggs, of Ostcrhout and his colleagues on 
viability of algae, germination of wheat 
embryos, electrical resistance of Laminaria 
and plasmolysis of Spirogyra , arc outstand¬ 
ing examples in this field. Loeb, Fccn, 
Clowes and others have observed roughly 
analogous effects produced upon the elec¬ 
trical resistance, swelling, osmotic pres¬ 
sure and alcohol number of gelatin or of 
artificial soapy membranes. Loeb (i) 
fully reviewed the earlier history of the 
subject and Falk (l) has presented an ex¬ 
haustive review of the literature, particu¬ 
larly ill regard to the effects of salts upon 
bacteria but with reference to other forms 
of life as well. 


The most striking result of these studies 
has been the demonstration that electro¬ 
lytes of bivalent cations are generally 
much more toxic (or otherwise effective) 
than those of univalent cations. Further¬ 
more, in practically all the instances cited 
above, bivalent and univalent cations an¬ 
tagonize each other, the optimum solution 
being as a rule one which contains about 
2.0 parts of Na to one part of Ca. 

In discussing the antagonistic influence 
of salts on animal tissues and on algae and 
higher plants, it has generally been as¬ 
sumed that the phenomena were related 
to specific individual properties of the dif¬ 
ferent ions involved. Thus, Loeb (3) at¬ 
tributed the swelling of protein caused by 
dilute NaCl to the formation of an ioniz- 
able protein salt and the neutralizing influ¬ 
ence of CaCl 3 to the production of a non- 
ionizable salt. Ostcrhout (4) similarly 
assumed a specific increase of permeability 
of plant cells to be caused by Na as such 
and a decrease to Ca as such. 

In the field of bacteriology, the chief 
studies on salt antagonism have been re¬ 
viewed by Winslow and Dolloff (5). 
These investigations have covered viabil¬ 
ity of various species of pathogenic and soil 
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bacteria, biochemical activity (ammon- 
ification, nitrification, nitrogen fixation) 
and electrical resistance. The evidence 
for antagonism is, on the whole, less clear 
in these experiments than in those con¬ 
ducted with algae or animal tissues. In 
general, however, it appears that, here 
also, dilute Na solutions tend to favor vi¬ 
ability and biochemical activity while a 
corresponding concentration of Ca pro¬ 
duces an opposite effect. Mixtures of a 
monovalent and a bivalent salt, or of two 
univalent salts were found to be more fa¬ 
vorable than cither one alone by Eislcr, 
Lipman and his associates, Shearer, 
Brooke, and Winslow and Falk. The an¬ 
tagonistic effect was manifest in solutions 
containing from five to twenty times as 
much Na as Ca. 

VARIATION IN SALT EFFECTS WITH VARYING 
CONCENTRATION OF A GIVEN SALT 

That such effects of salts arc by no means 
always specific and qualitative in nature is 
clearly indicated on a careful survey of the 
literature. In such widely separated phe¬ 
nomena as the viability of various marine 
invertebrates, the development of Fundulus 
eggs, the biochemical activity of bacteria, 
various reactions of gelatin and certain en¬ 
zyme hydrolyses and syntheses, it appears: 

a. That solutions containing single pure 
salts in very low concentrations arc more 
favorable than distilled water to biologi¬ 
cal and physico-chemical processes; while 

b. Stronger concentrations of the same 
salts exert a precisely opposite effect. 

In the case of bacterial viability, this 
phenomenon has been demonstrated with 
special clarity. 

Hotchkiss (6) studied the effect upon Es. 
colt of twenty-three different chlorides in 
varying concentration. In every instance 
she found the salt toxic at a certain con¬ 
centration (varying from 1.0 M with NaCl 
and KC 1 to 0.00001 M with HgCl*); but in 


the case of fifteen of the twenty-three salts 
she found a lower concentration (ranging 
from 0.15 M with NaCl and KC 1 to 
0.000001 M with HgCl*) which was defin¬ 
itely stimulating in its effect. There was 
no reason to believe that a stimulating 
concentration could not have been found 
in the other eight salts if more dilutions 
had been employed. This work was con¬ 
tinued by Winslow and Falk (7), Winslow 
and Dolloff (8) and Winslow and Hay¬ 
wood (9) with completely confirmatory 
results. 

Table 1 shows comparative results ob¬ 
tained in four distinct series of experiments 
in four different culture media,—the vi¬ 
ability of Es. colt being the phenomenon 
observed in each case. Results differ some¬ 
what in different media as would be ex¬ 
pected, slightly higher concentrations be¬ 
ing required to produce a given effect in 
the presence of more complex organic sub¬ 
stances. In general, however, the coin¬ 
cidence is fairly close except in the case of 
HgClj. 

Winslow and Haywood studied the zone 
of stimulation in greater detail and ob¬ 
tained the results indicated in Fig. 1. The 
organism observed was the same strain of 
Es. colt used in previous experiments and 
the culture solution was the Dolloff syn¬ 
thetic medium (10). The salts were all 
chlorides. Bacterial numbers at the end 
of 48 hours are expressed in percentages of 
the number present in a salt-free control. 
The abscissa scale is a logarithmic one to 
make comparison of the different salts pos¬ 
sible. It is the same in all diagrams and to 
emphasize the difference in quantitative 
effect, the abscissa corresponding to 0.001 
molal concentration is indicated by a 
heavy line. 

The general phenomenon involved,— 
the stimulation of bacterial growth by low 
concentrations of salts and its inhibition 
by higher concentrations,—has been re- 
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corded by numerous other observers. It 
seems clearly demonstrated that all cat¬ 
ions (even including such highly toxic 
substances as HgClj, Pt Cl 4 , AuCla, Cd 
Cl 2 , CeCla, PbCl 2 , CoCl 2 , and A 1 C 1 8 ) arc 
stimulating to bacterial growth in suffici¬ 
ently low concentration; and that all ca- 


x6i 

showed that, if one compares the effect of 
one cation with that of another, there is 
a definite quantitative relationship be¬ 
tween all points on the graph of viability 
at varying salt concentration. In other 
words, if the concentration of salt A which 
produces a given degree of stimulation is 


TABLE i 

Critical Concentrations of Various Salts as Determined by Different Investigators in Various Media 


STIMULATING 

CONCENTRATION 


SLIGHTLY TOXIC 
CONCENTRA¬ 
TION 


HIGHLY TOXIC 
CONCENTRA¬ 
TION 


SALT 

MEDIUM 

NaCl | 

Water 

Tartrate 

Pcpton 

' 

KC 1 < 

Water 

Tartrate 

Pepton 

Pcpton 

CaCl, | 

Water 

Pepton 

Pcpton 

MgCl, | 

Water 

Tartrate 

Pepton 

BaCl, | 

Asparagin 

Pepton 

PbCl, | 

Asparagin 

Pepton 

HgCl, | 

Tartrate 

Pepton 

Pepton 


Winslow and Falk 
Winslow and Dolloff 
Hotchkiss 

Holland 

Winslow and Dolloff 
Winslow and Dolloff 
Hotchkiss 

Winslow and Falk 
Winslow and Dolloff 
Hotchkiss 

Holland 

Winslow and Dolloff 
Hotchkiss 

Winslow and Dolloff 
Hotchkiss 

Winslow and Dolloff 
Hotchkiss 

Winslow and Dolloff 
Winslow and Dolloff 
Hotchkiss 


0.014-0.145 
0.015-0.300 
0.02.5-0.150 

0.145-0.436 

0.050-0.400 

0.150 

0.150 

o.001-0.140 
0.050^.070 
0.050-0.150 

0.010-^0.080 
o.003-0.070 
0.050-0.100 

0.050 

0.0000001 

0.00005 

0.00000001-0.00000005 

0.00000001 

0.000001 


0.43 

0.7 

0.40 

0.6-0 7 

0.50 

1.0 

- 


0-7 

0.50 

0.8 

0 75 

1.0 

0.50 

1.0 


0.4 

O.IO 

0.1 


05 


05 

O.IO 

0.1 


05 

O.IO 

0.1 

O.IO 

0.1 

O.OOOI 

0.0005 

0.0005 

0.00000005 

0.0000005 

0.000005 

0.00001 


tions (even including such ordinarily 
favorable substances as NaCl and KC 1 ) are 
toxic in sufficiently high concentration. 

THE CONCEPT OF SPECIFIC POTENCY 

These investigations in the field of bac¬ 
terial physiology have opened the way to 
a second important generalization. Wins¬ 
low and Dolloff, five years ago (11) 


called x and the concentration of salt B 
which causes the same degree of stimula¬ 
tion is 10 x; and if the concentration of 
salt A wbich produces a given degree of in¬ 
hibition is j x; then, the concentration of 
salt B which should cause this same degree 
of inhibition is 50 x. 

In Fig. x for example the upper half of 
the graph shows the curve for NaCl, the 
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Fio. z. Relation Between Concentration op Various Chlorides and Survival of Bacteria in a Simple 

Synthetic Medium 

Ordinates represent number of bacteria present expressed as percentages of the number present in salt-free 
control. Abscissae represent concentrations of salts on a logarithmic scale. Abscissa corresponding too.ooi 
molal solution indicated by heavy line. 



Fio. x« Viability ov Bacteria in Chlorides op Sodium and Magnesium op Varying Strength 
Ord in a t es represent number of bacteria present expressed as percentages of the number present in salt-free 
control. Abscissae represent computed ionic activities. 
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abscissae representing salt concentration 
in terms of ionic activity (computed from 
the tables of Lewis and Randall) on a di¬ 
rect and not a logarithmic scale, the or¬ 
dinates, bacteria present after 18 to zo 
hours in percentages of the number present 
in a salt-free control. The solid line in 
the lower half of the graph shows the 
effect of MgCl 2 in the same way. The 
dotted line in the lower section shows the 


Es, colt were grown in the Dolloff synthetic 
medium for 48 hours at 37 0 . In the me¬ 
dium without added salt, bacterial num¬ 
bers rose from 20-50 million per cubic 
centimeter to over 200 million per cubic 
centimeter. With added increments of 
various chlorides, the numbers rose above 
those for the salt-free control in dilute 
solutions and fell off sharply in stronger 
solutions. The final counts for each salt 


TABLE 1 

Survival of Bacteria in Salt Solutions of Various Strengths as Compared with Salt-Free Control (Per Cent) 


MOLALITY 

N*C 1 

KC 1 

LiCl 

B«Cls 

MgClj 

aci* 

MnCI* 

ZoCli 

CdClt 

I .O 

0 

O 








0.5 

37 

91 

O 







0.15 

n 5 

IOI 

l6 

40 






O.I 

x 37 

xx 5 

5 1 

54 


36 




0.08 

x 54 


66 







O.OJ 

X1 5 

x 55 

hi 

12.3 


61 




O.OI5 


140 

156 

187 






O.OI 

117 

12.7 

111 

199 


*59 




0.008 





M 9 

191 




0.005 

X1 3 

104 

93 

170 

140 

176 

x 5 



0.002.5 




161 

118 


2-5 



O.OOI 




96 

111 

x 59 

18 

0 

84 

0.0008 







46 



0.0005 





n 4 

141 

87 

57 

87 

0.00015 







X 5 X 

x 35 


0.0001 






93 

x 47 

x 54 

101 

0.00008 







x 37 

108 

104 

0.00005 







110 

! 9 I 

hi 

0.000015 








141 

111 

0.00001 








105 

XI 7 

0.000005 








85 

9 1 

0.000001 









83 


curve for magnesium plotted with each 
concentration of MgCl* multiplied by 
eight. It will be noted that this dotted 
curve closely resembles the NaCl curve 
above. In other words MgCla is approxi¬ 
mately eight times as powerful as NaCl, 
both in the stimulating and in the inhibit¬ 
ing zone. 

In a later study by Winslow and Hay¬ 
wood (iz) curves were determined in de¬ 
tail for nine different cations. Cultures of 


solution expressed as percentages of the 
salt-free control are presented in Table z. 
They arc the same results plotted in Fig. 1 
above. 

From the curves thus plotted, eight ar¬ 
bitrary points were selected as follows: in 
the zone of increasing stimulation, the 
point where the count was Z5 per cent in 
excess of the salt-free control and the mid¬ 
point of the zone as a whole; the point of 
maximum stimulation; in the zone of de- 
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creasing stimulation, the point showing a 
count 50 per cent above the control and 
the point showing a count 1; per cent 
above the control; the cross-over point 
where, with a rather high salt concentra¬ 
tion, counts were again equal to those of 
the control; and, in the zone of toxicity, 
the points showing counts equal to 75 per 
cent and 50 per cent of the control, re¬ 
spectively. For each of these eight points 
on the curve of viability, we read off the 
corresponding salt concentration. The 
concentration of NaCl producing a given 
effect was taken as 1, and the conccntra- 


specific ionic activities were used. Never¬ 
theless, the harmony of the results is much 
more striking than their irregularities; and 
the last column, representing an average 
of the eight columns to the left of it, cor¬ 
responds closely with the results of other 
investigations. Thus, for example, the 
studies reported in 1918 indicated that 
MgCls was eight times as powerful as 
NaCl or KC 1 . Here, the ratio is 1 for 
NaCl, 1.1 for KC 1 and 9.4 for MgCl 2 . It 
seems reasonable to conclude from these 
results and those of other workers that all 
cations exert upon bacterial viability a cer- 


TABLE 3 

Specific Potency of Various Cations 



ZONE OF INCREASING 
STIMULATION 

MAXIMUM 

ZONE OF DECREAS¬ 
ING STIMULATION 

CROSS¬ 

OVER 

POINT 

ZONE OF TOXICITY 

AVERAGE 

Percentage of salt-free control 




150 


IOO 

75 

50 


Na. 

I 

1 

X 

I 

I 

1 

I 

I 

1 

I 

K. 

I 

I 

1.6 

1.8 

1.1 

1.0 

0.6 

. 0.6 

1.2. 

Li. 

0.9 

I 

4.0 

3.0 

4-3 

4-7 

5 -i 

4-4 

3-4 

Ba. 

9 

50 

8.0 

*3 

3-4 

4-7 

4 5 

3-4 

5 -o 

Mg. 

4 5 

50 

10 

11 

17 

M 

5 -i 


9-4 

C«,. 

30 

17 

10 

9.0 

8-5 

9 3 

9.0 

6 3 

n.0 

Mn. 

150 

170 

400 

300 

600 

700 

600 

600 

400 

Zn. 

450 

150 

1,000 

900 

600 

900 

900 

900 

700 

Cd. 


1,100 

4,000 



1,800 



3,000 


tion of the other salts producing the same 
effect was expressed as a reciprocal of its 
ratio to the corresponding concentration 
of NaCl. Thus, for example, maximum 
stimulation was produced by NaCl in 0.08 
M concentration and by BaClj in o.oi con¬ 
centration. The reciprocal of this rela¬ 
tionship is 8. 

Table 3 indicates these relationships. 
There is considerable variation in the dif¬ 
ferent columns for the same salt as would 
be expected' from a method involving the 
reading of arbitrary values on a curve 
plotted from a few points. Furthermore, 
in this study molal concentrations and not 


tain influence (aside from other possible 
influences) which is qualitatively the same. 
“The quantitative effect of different cat¬ 
ions varies very widely but each has a 
specific efficiency, both as regards stimula¬ 
tion and inhibition. This characteristic, 
we have designated as ‘specific potency.’ ” 
The specific potencies of the cations 
studied by Winslow and Haywood were 
found to be as follows, taking the potency 
ofNaas 1: K, i.z;Li,3;Ba, j; Mg,9;Ca, 
iz; Mn, 400; Zn, 700; Cd, 3000. This 
general order of specific potency has re¬ 
cently been confirmed for aerobic spore- 
formers by Fabian and Bryan (33). 
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There was some indication in the work 
of Winslow and Dolloff that even the hy¬ 
drogen ion may fit into the same general 
principle, with a specific potency some 
30,000 times that of Na. 

QUANTITATIVE AND QUALITATIVE SALT 
ANTAGONISM 

The demonstrated fact that each cation 
may exert either a stimulating or an in¬ 
hibiting effect,—depending on its con¬ 
centration,—must obviously be taken into 
consideration in studies of so-called "salt 
antagonism." In any mixture of salts we 
must, first of all, consider what results 
might be expected from the purely additive 
effect of the cations present,—with due 
allowance for the specific potency of each. 
The investigation reported by Winslow 
and Dolloff (13) attempted to deal with 
this question by studying the influence of 
NaCl and KC 1 in combination with MgCl 2 . 
It showed first of all, that when MgCl 2 
was mixed with cither of the univalent 
salts in a proportion of 1:10 the effect of 
varying concentrations of the mixture was 
exactly what would be expected on the 
basis of purely additive effects. That is, 
if a 2 jc concentration of NaCl produced a 
given stimulating effect, that same effect 
would be produced by a mixture of x NaCl 
+ x/8 MgCl 2 ,—the specific potency of 
MgCl 2 being taken as approximately 8. 
The curve for a mixture of KC 1 or NaCl 
and MgCl 2 , if the actual amount of MgClj 
was multiplied by 8, the actual amount of 
NaCl added and the sum used for an ab¬ 
scissa, was exactly like the curve in Fig. 
2. for NaCl alone. We were dealing here 
with the sort of ratio (1 part of a bivalent 
salt to 10 parts of a univalent salt) sup¬ 
posed to show salt antagonism. Yet the 
effects are seen to be purely additive in 
nature. 

When the total molality was kept con¬ 
stant at 0.5 molal concentration, but the 


proportion of NaCl or KC 1 and MgCl* was 
varied, quite similar results were observed. 
There were certain points on the curve 
where a suggestion of possible specific 
qualitative antagonism was obtained; but, 
in general, the results were exactly what 
would be expected from a summation of 
the effect of each salt taken by itself. 

Winslow and Haywood (14) attempted 
to put the specific potency theory to a cru¬ 
cial test by mixing NaCl in five different 
proportions with each of seven other chlo¬ 
rides and then repeating the process with 
CaCl 2 , mixed in five proportions with each 
of six other salts. Each admixture should, 
on the theory of additive specific potency, 
have produced a count equal to that of the 
salt-free control (corresponding to the 
"cross-over point" at which the descend¬ 
ing curve cuts the 100 per cent line in Fig. 
1). With NaCl and all the salts mixed 
with it the results were close to expect¬ 
ancy. Out of thirty-five mixtures all but 
two showed counts between 75 and 115 per 
cent of the salt-free control. CaCl 2 mixed 
with cither KC 1 , MgCl 2 or MnCl 2 gave 
similar results. Mixtures of CaCl 2 with 
BaCl 2 on the other hand yielded results 
higher than would be expected (118-167 
per cent of the control); while CaCl 2 mixed 
with LiCl and ZnCl 2 gave results lower 
than the theory would warrant (37-65 per 
cent of the control). 

These last observations furnish a salu¬ 
tary warning against any generalization 
which tends to oversimplify the phenom¬ 
ena of salt action. Yet it seems clear 
that the phenomenon of specific potency 
and the results of additive effects must be 
taken into account before assuming "an¬ 
tagonism" in the sense of a specific quali¬ 
tative neutralization by one salt of the 
specific qualitative influence of another 
salt. 

In interpreting the effect of salt mixtures 
we must also be quite clear as to the differ- 
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encc between mixing two salt solutions of 
known strength (which involves dilution 
of each) and the addition of solid salt to a 
solution of another salt (which does not 
involve dilution). It is obvious that if 
we take two different concentrations of 
the same salt and mix them the effect will 
be the same as that of an intermediate con¬ 
centration. What that result will be, 
however, will depend on the particular 
part of the potency curve at which the 
concentrations used may lie. Thus from 
Fig. i, it appears that if we mix two con¬ 
centrations of NaCl, both of less than o.o; 
M strength, we shall get a stimulating 
effect intermediate between that of the two 
concentrations used (since both lie in the 
zone of increasing stimulation). If, how¬ 
ever, we mix a concentration lying in the 
zone of increasing stimulation (say o.oi 
M) with a concentration in the zone of de¬ 
creasing stimulation (say o.i M) we shall 
obtain a greater stimulation than that 
given by either primary concentration 
alone since the mixture will correspond to 
the point of maximum stimulation. If we 
mix a concentration lying in the zone of 
diminishing stimulation (say o.i M) with 
a concentration in the zone of toxicity (say 
0.44 M) we shall obtain a neutralization 
of effects. The last two are just the sort 
of phenomena often described as antago¬ 
nism when two salts are used. Yet with 
one salt alone it is clearly not antagonism 
but addition which is taking place. The. 
results here discussed show that when dif¬ 
ferent salts are used the phenomena often 
follow the same law and, when they do 
so, the assumption of antagonism is super¬ 
fluous. 

In other studies of so-called antagonism, 
instead of mixing two salt solutions (and 
thus diluting each) a second salt is added 
to a solution of the first salt, keeping the 
concentration of the first unchanged. Here 
the problem is simpler but the result will 


still be largely determined by the part of 
the specific potency curve in which the ad¬ 
dition takes place. 

Thus, if we start with a salt concentra¬ 
tion lying in the zone of increasing stimu¬ 
lation the addition of a small amount of 
another cation will push the total cation 
concentration up to the point of maximum 
stimulation. A larger addition will carry 
the total concentration over to the zone of 
decreasing stimulation or the zone of tox¬ 
icity. If we start with a salt concentration 
giving maximum stimulation the addition 
of any other cation will carry the total 
concentration into the zone of decreasing 
stimulation or toxicity; so that starting 
at this point any salt will appear an¬ 
tagonistic to any other salt, even if the 
concentration of the second salt added 
were itself stimulating in effect. 

The only thing that cannot occur ac¬ 
cording to the principle of specific potency 
is the neutralization of toxic effect by the 
actual addition of any cation to a solution 
already toxic (without dilution). This 
is the critical test, since according to the 
uncomplicated effects of specific potency, 
the addition of any amount of a second 
cation should increase the toxic effect of 
the first. 

One of the clearest cases of such true an¬ 
tagonism was presented by Winslow and 
Falk (14) with regard to Na and Ca. So¬ 
lutions of 0.6 M NaCl and 0.1 M CaCl 2 
were highly toxic but a solution contain¬ 
ing both these salts in approximately the 
same concentration was non-toxic. In a 
later paper the same authors showed that 
this,phenomenon only occurred in alkaline 
solutions and was related to the influence 
of calcium on the power of the cell to buf¬ 
fer the adjacent medium, which influence 
was eliminated by NaCl (Winslow and 
Falk, 15). 

Eisler (16), Lipman (17), and Brooks 
(18) have all reported results of this kind. 



CATIONS AND BACTERIAL VIABILITY 


Z67 


which seem to indicate true qualitative 
antagonism of salts in their influence on 
bacterial viability. On the other hand, 
such observations as those of Shearer (19) 
can readily be explained as due to additive 
effects. 

Whatever more complex and specific 
qualitative effects may be superimposed 
thereon, it seems clear that there is a 
fundamental and qualitatively similar in¬ 
fluence exerted by all cations upon the bac¬ 
terial cell. This influence takes the form 
of stimulation of viability when the cation 
is present in low concentration and of in¬ 
hibition when it is present in higher con¬ 
centration; and each cation has a certain 
specific potency which determines its quan¬ 
titative influence. Only when due allow¬ 
ance has been made for the direct additive 
results of the cations present operating ac¬ 
cording to their characteristic potencies, 
can true antagonism be postulated. 

How far this same principle may apply 
to higher forms of life, we cannot say; but 
it seems highly desirable that the possibil¬ 
ity of similar influences should be borne 
in mind. The results obtained by Locb 
with marine animals and by Ostcrhout 
with Algae seem to offer close parallelisms 
with those observed in our bacteriological 
studies. 

THE INFLUENCE OF ANIONS 

It would be obviously incorrect to as¬ 
sume that the influence of salts upon bac¬ 
terial viability is entirely due to the effect 
of the cations involved. In many in¬ 
stances, we know that the anion is im¬ 
portant; while in other cases the undisso¬ 
ciated salt is specifically active. 

The literature of anion effects has not 
been voluminous but considerable work 
has been done on the hydroxyl ion, much 
of which has been summarized in a study 
by Fabian and Winslow (10). This in¬ 
vestigation was designed to be comple¬ 


mentary to the earlier studies from this 
laboratory in which the effect of various 
cations in combination with a single anion 
(Cl) was observed. Here, on the other 
hand, Na was employed as the uniform cat¬ 
ion. The compounds tested were NaOH, 
Na 2 C 0 8 , Na 3 P 0 4 , NaHCOa, Na 2 HP 0 4 , 
NaCl, Na 2 S 0 4 , NaH 2 P 0 4 and mixtures of 
the same salts with NaOH,—fifteen differ¬ 
ent solutions in all. For each solution 
seven to eighteen different concentrations 
were studied, the whole study involving 
the pouring of approximately 3700 plates. 

All of the solutions gave us graphs 
generally similar to those in Figs. 1 and 1. 
The concentration of Na producing a 
stimulating effect was essentially the same 
whatever the anion might be (between 
0.001 and 0.10 molal for 15 per cent stimu¬ 
lation). In the zones of decreasing stimu¬ 
lation and toxicity, however, NaOH, 
Na 2 C 0 3 and Na 3 P 0 4 with their mixtures 
were highly potent and approximately of 
the same order of magnitude while the 
other five substances, NaHP 0 4 , NaHC 0 3 , 
Na 2 HP 0 4 , NaCl and Na 2 S 0 4 , required 
from zo to 100 times the same concentra¬ 
tion to produce a given effect. 

These results obviously suggested that 
hydrogen-ion concentration was the sec¬ 
ond major factor in the situation. To test 
this, we prepared a graph which has been 
redrawn in Fig. 3. In this graph, ordi¬ 
nates represent logs of molal concentration 
of sodium and abscissae represent pH val¬ 
ues (logs corresponding inversely to molal 
concentration of hydrogen). In the origi¬ 
nal graph, from which Fig. 3 has been sim¬ 
plified, the average bacterial count (in per 
cent of the salt-free control) was written 
down at the appropriate point, for each 
of 158 salt mixtures studied, irrespective of 
the alkali or salt concerned. After this 
was done, as may be seen by reference to 
the original paper, the numbers on the 
chart grouped themselves in a very definite 
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way, the highest numbers near the upper 
right hand corner and the lower numbers 
in reasonably regular descending order as 
one passed outward from this area. It 
was possible to draw lines about each of 
five areas with considerable accuracy,— 
and these five areas are shown by cross- 


three solutions showing 100-500 per cent 
increase, twenty-four showing 50-100 per 
cent increase, thirteen showing 0-50 per 
cent increase and three showing a decrease. 
Area IV included one solution showing 
50-100 per cent increase, forty-two show¬ 
ing 0-50 per cent increase and five showing 


0 



PH 


Fio. 3. Graph Indicating thb Simultaneous Effect of Sodium Ions and Hydrogen Ion Concentration 
upon Bacterial Viability, with 158 Different Mixture* of NaOH and of Seven Sodium Salt* 
Ordinates represent total molal concentrations of sodium in these mixtures. Abscissae represent hydrogen 
ion concentration as pH. 

The shaded areas represent bacterial viability. In Area I all counts showed an increase of 500 per cent or 
more as compared with the increase in the salt-free control taken as 100 per cent. In Area II most counts were 
between 100 and 500 per cent of the increase in the salt-free control; in Area III between yo and 100 per cent 
of the increase in the salt-free control; in Area IV less than 50 per cent of the increase in tne salt-free control; 
while in Area V nearly all observations showed a decrease in bacterial numbers instead of an increase. 


hatching in Fig. 5. In Area I, there were 
three Solutions, all exhibiting an increase 
of 500 per cent or more as compared with 
100 per cent in the salt-free control. Area 
II included twelve solutions showing 100- 
500 per cent increase, three showing 50- 
100 per cent increase and two showing 
0-50 per cent increase. Area III included 


a decrease. Area V included five solutions 
showing 0-50 per cent increase and forty- 
two showing a decrease. 

This type of diagram is of very grert 
value since it makes it possible to observe 
the simultaneous influence of two more or 
less independent variables. Lawrence 
Henderson has applied a somewhat similar 
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principle in his studies of blood chemistry 
and has shown how much more significant 
such an analysis may be than the ordinary 
approach which considers but one variable 
at a time. Figure 3 may be interpreted 
in terms of a topographical map. If a 
layer of cardboard half an inch thick were 
over the whole chart, a second layer of 
cardboard cut to correspond to area IV, 
and placed on the first, a third layer cut 
out to correspond to area III and placed on 
top of the second, and so on,—we should 
get a relief map of a mountain with its 
peak in Area I, a very sharp declivity to¬ 
ward high pH values and high Na values 
and a very gentle slope toward low Na and 
pH values. 

The correlation was not, of course, per¬ 
fect and the exceptions are themselves 
highly significant. Of the nine solutions 
which showed results higher than would 
be expected for their sodium and hydrogen 
ion content, seven were phosphate solu¬ 
tions. Furthermore, all of the nine points 
in areas I and II showing an increase of 
over xoo per cent in bacterial count were 
obtained with mixtures of Na 2 HP 0 4 . 
Thus, it appears probable that the phos¬ 
phate radicle exerts a specific stimulating 
effect. Similarly, of thirteen solutions 
which showed results markedly lower 
than would be expected, eight were car¬ 
bonate solutions which may perhaps have 
a specific inhibitory effect. 

In general, however, the main influences 
seem clearly to be Na concentration and 
hydrogen ion concentration. Maximum 
stimulation occurs with a sodium concen¬ 
tration of 0.10 M and a pH of 7.5. De¬ 
crease of Na concentration and decrease of 
pH value below this optimum result in a 
gradual diminution of stimulating effect. 
No doubt a further decrease of pH would 
have ultimately caused a sharp inhibition 
but we had no observations in the area of 


169 

very low Na concentration and very low 
pH. 

An increase in Na or pH in the zones 
studied caused a much more rapid change 
from stimulation to inhibition, Na con¬ 
centrations above 0.6 M and pH values 
above 8.3 being definitely inhibitivc. 

It appears clear that two major factors 
govern bacterial viability under the con¬ 
ditions of these experiments. The first is 
the cation concentration, the effect of all 
cations (according to our earlier studies) 
being qualitatively alike and differing in 
accordance with their specific potency. 
The second factor is the pH which, with a 
given cation, is determined by the anion 
present. The phosphate, and perhaps the 
carbonate, radicles exert specific influences 
which arc superposed upon the two pri¬ 
mary effects indicated. 

THE MECHANISM OF SALT ACTION 

In the studies of salt antagonism with 
higher plants and animal cells there has 
been a general indication that salts favor¬ 
able to biological processes increase per¬ 
meability while toxic salts decrease it. 
Falk (11) summarizes the evidence as fol¬ 
lows: 

In their effect upon electrical resistance [of Laminaria , 
frogskin or bacteria] bivalent cations like Ca show 
a characteristic tendency to cause first an increase 
and then a decrease in resistance, while univalent 
cations like Na show a uniform fall. The decrease 
of resistance in the two cases when it docs occur, 
seems however to be different in nature, being irrevers¬ 
ible in the case of the bivalent salt and reversible (if 
exposure has not been too prolonged) in the case 
of the univalent cation. The effect exerted by elec¬ 
trolytes appears to be primarily an effect upon external 
or internal membrane surfaces and upon surface inter¬ 
phases in colloidal systems. This is clearly demon¬ 
strated by the influence of unbalanced solutions upon 
the specific gravity of Fundulus eggs, and Fundulsts 
body fluids, and upon the plasmolysis of Sfirogyra 
and is strongly suggested by the changes in the 
electrical resistance of plant and animal tissues, 
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bacterial emulsions and artificial membranes. Where 
effects upon permeability are clearly manifest, Ca 
and other bivalent cations usually decrease per¬ 
meability, while Na and the univalent cations always 
tend to increase it. We may interpret Loeb’s experi¬ 
ments on Fundulus eggs as showing a decrease in 
permeability due to Ca; while all Osterhout's work 
on electrical resistance of plant and animal tissues 
as well as Shearer's on electrical resistance of meningo¬ 
cocci show a preliminary decrease due to calcium 
followed by an increase (which is probably a wholly 
different phenomenon from the primary fall in resis¬ 
tance due to Na). 

Evidence in this direction is by no means 
altogether harmonious. In particular, Ir¬ 
win (zz) in studying the effect of salts 
upon the penetration of dyes into the 
vacuole of Nitella found that preliminary 
treatment with 0.03 M NaCl decreased the 
subsequent penetration of dyes into the 
treated cells while bivalent cations had no 
such effect. When the salt and the dye 
were simultaneously present, however, 
0.03 NaCl and 0.003 MgCl 2 and CaCl 2 
slightly increased penetration. The latter 
effect is what one should expect on the 
theory of specific potency. In general, 
.however, the work of Brooks (13) with 
dandelion tissue, of Shearer (14) and Win¬ 
slow and Falk (2.5) with bacteria and of 
Ostcrhout (2.6) with Laminaria all tend 
to show that in given concentration Na 
increases and Ca decreases permeability; 
while Endler (zj) demonstrated that di¬ 
lute electrolytes increase and stronger elec¬ 
trolytes hinder diffusion in the case of 
green algae. 

A comprehensive study of this problem 
has been made by Shaughncssy and Win¬ 
slow (2.8) in order to determine the effect 
of various dilutions of salts upon the diffu¬ 
sion of certain substances outward from 
the bacterial cell in menstrua of varying 
salt content. Three types of bacterial ma¬ 
terial were studied, cells of Es. colt which 
survive in practically undiminished num¬ 
bers under the conditions of the experi¬ 


ment, heat-killed cells of the same organ¬ 
ism and cells of Bact . emus which die out 
almost at once in a medium lacking pro¬ 
tective colloids. Heavy suspensions of 
these cells were placed in the menstrua to 
be tested and after exposure for selected 
periods up to 14 hours the cells were re¬ 
moved by centrifugation and tests were 
made for various substances in the super¬ 
natant liquor. 

This study showed that marked changes 
take place in the menstrua surrounding 
either living or dead bacterial cells as a 
result of diffusion outward from the in¬ 
terior of the cells. Under conditions 
of normal physiological activity, these 
changes arc of a protective nature, involv¬ 
ing the liberation of acidic substances 
(CO2) in alkaline or neutral media and of 
alkaline substances (NH 8 ) in a more acid 
medium in such a way as to maintain an 
approximate pH of 6.2.-6.4. On more 
prolonged exposure to an unfavorable men¬ 
struum the production of ammonia 
overbalances that of C 0 2 ,—a reaction 
characteristic of injury. Dilute solutions 
of NaCl (0.0145-0.145 M) tend to increase 
the diffusion of ammonia, carbon dioxide, 
chlorides and phosphates whether in the 
presence of living or dead cells. Stronger 
salt solutions (1.45 M NaCl and 0.0145- 
0.145 M CaCl 2 ) decrease the liberation of 
ammonia. Finally, a still stronger cal¬ 
cium solution (1.450 M) shows a sharp 
rise in titratable products in the men¬ 
struum followed by a fall. This sharp rise 
is attributed by the authors to a decrease 
in permeability so great as to lead to lysis 
of the cells and liberation of protein, or to 
a special type of membrane coagulation. 
The subsequent fall may be due to accu¬ 
mulation of non-reactivc films on the pro¬ 
tein micellae or to absorption of oppo¬ 
sitely-charged ions. 

The point in which we are here chiefly 
concerned is best illustrated by the results 
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for ammonia nitrogen cited in Table 4. 
It will be noted that diffusion is greatest 
with Bact . arm (as would be expected 
from its great susceptibility to osmotic in¬ 
fluences) and least in the heat-killed cells 
of Es. colt. In all instances, however, the 
dilute salt increased diffusion and the 
strong salt abolished it completely. 

Since this phenomenon appeared with 
the cells of Bact. emus (which we know 
die almost at once in such a menstruum 
(2-9))* and with the heat-killed cells of Es. 


spectivcly, to viability. No bacterial 
counts were made, however, in the actual 
studies reported in 1917. Recently, there¬ 
fore, Walker and the writer (30) repeated 
the experiments in a slightly different 
form, exposing suspensions of Es. coli to 
various salt concentrations for half an 
hour at 37°C. and making both initial and 
final bacterial counts and ammonia deter¬ 
minations in the menstruum after ccntri- 
fuging out the cells at the end of the pe¬ 
riod. The results arc presented in Table 5. 


TABLE 4 

Diffusion Products in Various Menstrua QpH 7 . o') 
Milligrams ammonia nitrogen per jo cc. 



ES. COLI 

HEAT-KILLED ES. COLI 

BACT. CEREUS 

Period of contact, hours. 

0* 

*4 

O 

M 

0 

M 

Distilled water. 

0.005 

O.OIQ 

0.001 

0 001 

O 008 

0.090 

0.0145 M NaCl. 

0.007 

0.034 

0.003 

0.011 

O 009 

0 

w 

V./I 

O 

1.450 M NaCl. 

0 000 

0.000 

0.000 

0 000 

0.000 

| 0.000 


* Centrifuged immediately after suspension. 


TABLE 5 

Influence of Salt Upon Viability and Diffusion Expressed as Per Cent of Results in Salt Free Control 


SALT CONCENTRATION 



0 

o' 

0.05-0.08 M 

0.8-0.1 M 

Final Bacterial Count. 

100 

no 

71 

84 

Rate of Ammonia Diffusion per Cell per Hour. 

100 

1 

1*7 



coli, it seems clear that it is related not to 
the formation of new materials by metab¬ 
olism but to some process governing diffu¬ 
sion from the interior to the exterior of the 
cell wall. Whether this process directly 
affects the permeability of the cell wall 
itself or operates through influences on the 
electrolyte balance inside or out, we can¬ 
not affirm with any certainty. 

The conclusions from this study were 
fairly clear, since the salt concentrations 
favorable and unfavorable to diffusion 
were those which in other studies had 
been found favorable and unfavorable, re- 


Again it was clear that a dilute stimu¬ 
lating salt concentration increased, while 
stronger toxic salts decreased, diffusion of 
metabolic products outward through the 
cell wall. 

It seems then on the whole reasonable to 
associate the effects of cations upon diffu¬ 
sion products in the menstruum with their 
influence upon bacterial viability and to 
conclude, tentatively at least, that dilute 
salt solutions favor bacterial viability be* 
cause they increase diffusion processes 
through the cell wall; and that stronger 
salt solutions are inhibitive because they 
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decrease such diffusion processes. Thatcher 
(34) has classed Na, K, Ca and Mg as 
"translocation regulators" governing the 
permeability of the cell. It would seem 
that other cations subserve the same func¬ 
tion. 

A recent study by Winslow, Walker and 
Sutcrmcister (31) has thrown a little fur¬ 
ther light on the mechanism of the stimu¬ 
lating process. Most of the work on bac¬ 
terial viability hitherto discussed has been 
done by comparing bacterial counts in vari¬ 
ous salt solutions and in a salt-free control 
after a definite period of time. Our more 
recent studies have been conducted by 
making counts at frequent intervals in a 
medium continuously aerated with CXVfrce 
air. When the whole course of the growth 
cycle is thus followed it appears that both 
a favorable salt solution (0.1 M NaCl) and 
a mildly toxic solution (0.5 M NaCl) cause 
a decrease of bacterial numbers during the 
lag period of adjustment to a new medium 
and both show an accelerating effect in 
the subsequent phase of logarithmic in¬ 
crease. The 0.5 M concentration causes 
a greater preliminary decrease and a more 
rapid later increase than the 0.1 M con¬ 
centration. That the final count reached 
with 0.5 M concentration is lower than 
that of the salt-free control is due to the 
fact that even this rapid logarithmic in¬ 
crease does not balance the earlier decrease. 
This is the result we might expect if both 
these concentrations increased diffusion, 
since a high degree of diffusion, under the 
conditions of this experiment, would be 
expected to be unfavorable during the pe¬ 
riod of initial adjustment (when C 0 2 is de¬ 
ficient in the aerated medium) and favor¬ 
able at a later stage. 

. CONCLUSIONS 

In general, then, it appears that the ma¬ 
jor effects of salts upon bacterial viability 
may be explained on the assumption that 


all cations in low concentration tend to 
stimulate growth and development while 
all cations in stronger concentration tend 
to inhibit growth and ultimately to exert 
a toxic action. The favorable effect of 
low concentrations appears to be asso¬ 
ciated with increased diffusion through 
the cell wall, the inhibitive action with 
decreased diffusion. 

Individual cations differ very widely in 
their quantitative influence but, in general, 
the ratio between the amount of two cat¬ 
ions needed to produce any given effect 
on viability is approximately the same as 
that between the amount of those same cat¬ 
ions required to produce any other given 
effect. Sodium and potassium arc, in gen¬ 
eral, the least powerful of all cations and 
the specific potency of other cations may 
be expressed in terms of the ratio between 
the molal concentration of sodium neces¬ 
sary to produce a given effect and the con¬ 
centration of the other cations necessary 
to produce the same effect. The relative 
order of the cations with respect to spe¬ 
cific potency closely duplicates their posi¬ 
tion in the E. M. F. series. 

The values for specific potency computed 
in this way range up to 100,000 for such 
cations as mercury. This wide range in 
potency does not find its counterpart in any 
of the more familiar physico-chemical con¬ 
stants of the elements. It is, however, of 
the same order of magnitude as the effects 
recorded by Bancroft (3 z). According to 
Bancroft’s theory, disinfection (like nar¬ 
cosis in the higher forms of life) is due to 
coagulation of cell colloids, the decreasing 
stability of these colloids in the initial 
stages of coagulation being associated 
with stimulation. 

The major effect of anions upon the vi¬ 
ability of bacteria appears to be exerted 
through their influence on hydrogen ion 
concentration. 

Finally, it is by no means contended that 
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the specific potency of cations and hydro¬ 
gen ion concentration account for all phe¬ 
nomena of salt action. Studies made in 
our laboratory have clearly shown that 
certain electrolytes do exert specific effects 
which are superposed upon the primary 
influences of specific potency and hydrogen 


ion concentration. It seems clear, how¬ 
ever, that in studies of bacterial viability, 
perhaps of other biological phenomena, 
the possibility of specific potency effects 
should be taken into account before as¬ 
suming the existence of salt antagonism 
or other qualitative salt effects. 
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F OR a solid sultry week in Septem¬ 
ber, 1908, three hundred official 
delegates to the Fourth Interna¬ 
tional Fishery Congress which 
assembled in Washington, D.C., were en¬ 
gaged in the presentation of addresses and 
technical papers, were taking part in heated 
discussions and arguments, were dozing 
through the warm afternoon sessions, or 
were sightseeing after the usual manner of 
delegates at such conventions. Fifteen 
nations were represented, forty-two State 
Governments and territories, and a dozen 
learned societies and Government depart¬ 
ments sent delegates. 

The proceedings, together with the 
technical papers on a variety of subjects 
relating to the fisheries of the world, oc¬ 
cupy 1400 royal octavo pages in the Bulle¬ 
tin of the Bureau of Fisheries for that year. 
The topics considered ranged from inter¬ 
national regulation of the fisheries on the 
high seas, and the economic and technical 
conditions of the fisheries in various coun¬ 
tries, to plans for promoting fish produc¬ 
tion in various areas, the life history and 
habits of aquatic animals, and a litter of 
papers on the artificial propagation of 
marine and fresh water fishes and inverte¬ 
brates. Of course, x the inevitable resolu¬ 
tions now having historic interest only, 
were spread upon the record. The con¬ 
tents of the two volume report may be 
regarded as a fair cross section of intelli¬ 
gent thought upon fishery problems of the 
time. 

Although no meeting of similar scope 


or aims has been held since that day to 
provide a record that would show by com¬ 
parison the progress the world has made 
in the management of its fishery resources, 
it is becoming apparent that new concepts 
of the various branches of fishery science 
arc emerging and are becoming current. 
At that time fishery technology was an 
academic term; aquiculturc was undefined, 
and fishery biology, if used at all, had a 
vastly different content of meaning and 
implication than it possesses today. Even 
among men of science these terms are now 
too often confused, and it is the purpose 
of this paper to aid in clarifying our con¬ 
cepts of that important field of scientific 
endeavor variously known as fishery 
science, or more properly fishery biology. 

SCOPE 

Possibly fishery science should be in¬ 
terpreted as including all sorts of systema¬ 
tized knowledge regarding the fisheries. 
Certainly, the biology of the fish upon 
which the fishery industry depends should 
be included in this broader definition. 
Possibly the chemistry and physics of 
preparation or processing of the fishery 
harvest for market could properly be in¬ 
cluded, and even the economics of the 
fish business, if organized knowledge on 
this subject exist, could be rated, a branch 
of fishery science; but for practical pur¬ 
poses fishery biology must be much more 
closely, defined. Probably not a few will 
disagree with me if I limit fishery biology 
to a relatively narrow field in biological 
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science, but, on the other hand, many of 
the views presented below are shared by a 
growing number of investigators who arc 
becoming class conscious as fishery biolo¬ 
gists. 

One way of defining our subject is by 
exclusion. Fishery biology is not ichthy¬ 
ology; it is not statistics of fishery yields, 
neither is it fish culture, nor fish farming, 
nor even aquiculture, for the latter may be 
regarded as a distinct and independent 
branch of applied science relating to the 
cultivation of aquatic organisms commen¬ 
surate in importance with fishery biology. 
Fishery biology is not identified with 
stream surveys or the planning of stocking 
programs. It is neither morphology nor 
the embryology of fishes. Even the study 
of the life history or the habits of fishes 
is distinct from the study of fishery biology 
and, of course, oceanic biology and limnol¬ 
ogy are distinct lines of endeavor. 

DEFINITION 

From this it may appear that there is 
little left if it be biology at all, but, on the 
contrary, fishery biology relates to all 
these, includes elements of many of them, 
and borrows the technique of others. If a 
formal definition is necessary, I may offer 
the following: Fishery biology is that 
body of organized knowledge regarding 
the natural supply of fishes commercially 
exploited, the variations in supply and 
their causes, and the ways and means of 
husbanding the fishery resources. It is 
concerned directly with the commercial 
fisheries. 

I dwell upon the subject of defining the 
field of our discussion because the aim and 
purpose of the fishery biologist, his very 
point of view with regard to his science, 
is unique and not generally appreciated. 
Fishery biology must come to be recog¬ 
nized as an independent science, separate 
from any I have mentioned above, with 


its own aims and technique. Its relation 
to zoology is similar to the relation of the 
various scientific branches of agriculture 
to botany. Zoology and botany deal 
with the fundamental biological principles; 
fishery science and agriculture have certain 
immediate aims differing widely from those 
of the parent disciplines, and their tech¬ 
niques must differ in a corresponding degree. 
Within zoology, the relation of fishery 
biology is more intimate with ecology, as 
Russell (1932.) has pointed out, and with 
group biology as developed in population 
studies and vital statistics than with the 
classical zoology of individuals—embry¬ 
ology, anatomy, physiology, and tax¬ 
onomy. Furthermore, in spite of the shock 
it gives to the conservative zoologist, 
its relations with economics are very inti¬ 
mate and important. 

AIMS AND POINT OF VIEW 

Since fishery biology deals with the 
supplies of fishes and their variations in 
abundance, the point of view must neces¬ 
sarily be quantitative, for changes in abun¬ 
dance imply measures of magnitude in re¬ 
lation to time. The census of human 
populations is accomplished by a physical 
enumeration of the individuals, with which 
is combined a variety of other facts re¬ 
garding the characteristics of the individ¬ 
uals that compose the population, but 
practical difficulties, in the case of the sea 
fishes at least, make this method entirely 
impossible for tlie fishery biologist. 
Hence, the methods of representative sta¬ 
tistics must be employed. A sample of the 
fish stock is selected with sufficient care to 
assure its being truly representative of the 
entire population from which it is drawn. 
This sample is then studied in detail, and 
from the characteristics of the sample, the 
characteristics of the whole may be in¬ 
ferred. A measurement of the accuracy 
qf phese inferences involves the theory of 
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probabilities and all the laws and prin¬ 
ciples of modem statistical research be¬ 
come at once an important part of the 
technique of fishery investigations. Some¬ 
one has said that the maturity of a science 
may be gauged by the degree to which 
quantitative observations are employed. 
Fishery science has passed from the de¬ 
scriptive to the quantitative phase and 
thus may be rated a mature, if youthful, 
science. 

I have mentioned the practical aims 
of fishery biology that make it comparable 
to the science of agriculture. It is there¬ 
fore an applied science, usually accepted 
as the antithesis of pure science (but surely 
the reverse of “pure science” would be 
“impure science” with which I am un¬ 
acquainted). Moreover, the final part of 
my definition, the study of ways and means 
of effectively husbanding the fishery re¬ 
sources, implies the direction of research 
activity to the most practical objectives. 
Fishery biology, therefore, is concerned 
with useful aquatic animals and the fisher¬ 
ies which they support, and every investi¬ 
gation dealing with other than economic 
forms falls in some other field of hydro¬ 
biology unless it possesses a real and defi¬ 
nite relation to the animals that supply 
man’s economic wants. 

I do not mean to imply by this that only 
cod, mackerel, crabs, and the like, should 
be investigated. I do not intend to ex¬ 
clude a great array of researches upon the 
natural economy of the ocean or of our 
inland waters regardless of their compli¬ 
cated techniques and intricate relation¬ 
ships or their circumscribed objectives, 
so long as each specific project is designed 
to fill a definite place in our jig saw puzzle 
of a complete understanding of fish popu¬ 
lations. The literature of fishery biology 
(Allen, 192.O Is full of titles representing 
studies on carefully defined problems, 
many of which never mention fish, but 


because of their aim, their intention, their 
very point of view, fit readily into our 
growing mosaic picture of the biological 
background of fish-as-food. 

The student of biology is doubtless 
already aware of the existence of a rich and 
specialized literature on fishery biology 
in Europe, emanating from the various 
government departments, the scientific 
societies, and the biological stations, all 
of which is well reviewed in various sci¬ 
entific journals and adequately covered by 
bibliographical services. For the purpose 
of making more concrete the preceding dis¬ 
cussion defining fishery biology and its 
aims, I may offer a few illustrations of 
recent research in America which may be 
regarded as “Simon pure” examples of 
fishery biology. 

No formal treatise has yet been pub¬ 
lished on the scientific results of a seven 
year investigation of the biology of the 
mackerel in western North Atlantic waters, 
but Fishery Circulars of a popular nature 
have been published by the U. S. Bureau 
of Fisheries for the purplosc of affording 
prompt information to the fishing in¬ 
dustry. The first of these, “Outlook for 
the mackerel fishery, 1931” by O. E. Sette 
(1931), and succeeding circulars under the 
same title for 1931,1933, and 1934 not only 
embody the essential concepts of modern 
fishery biology, but emphasize the intimate 
relation between this field of work and 
economics. The first paper cited reviews 
briefly the 130 year history of the North 
Atlantic mackerel fishery in American 
waters, marked by fluctuations in yield 
from four million pounds to iuo million 
pounds annually, mentions the possible 
causes of these fluctuations and deals at 
some length with the fact that the immedi¬ 
ate cause of such tremendous changes in 
yield is year-class dominance; that is, the 
outstanding success of reproduction giving 
rise to great broods of young in some 
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years and the virtual failure of reproduc¬ 
tion in others. It reviews the size and age 
composition of the stock of mackerel on 
which the fishery draws, estimates the 
mortality from all causes of the various 
age classes in the stock, and, on the basis 
of this analysis, forecasts the probable 
abundance of these same year classes in 
the following season and the estimated 
yield for the commercial fishery. In the 
succeeding papers of the scries the same 
type of analysis and prediction is continued 
with additional refinements of method 
based on accumulating experience. 

As an example of fishery biology that 
may well be emulated and as an achieve¬ 
ment in research that will rank high in 
the annals of natural science, the work of 
the International Fisheries Commission, 
United States and Canada, under the direc¬ 
tion of Dr. William F. Thompson, should 
be cited. This Commission, appointed 
under the terms of the convention of 192.4 
and that of 1930 between the United 
States and Great Britain for the preserva¬ 
tion of the halibut fishery of the North 
Pacific Ocean, including Bering Sea, has 
published eight technical reports on its 
researches since 1930. Its scientific staff 
has studied where and how the halibut 
live, the ways in which they arc fished, 
and the effect of this fishing upon the fish 
supply. Its biological studies have shown 
the existence of distinct stocks of halibut 
that inhabit different banks, grow at 
different rates, and possess different phys¬ 
ical characteristics. It has followed from 
year to year for each stock the intensity 
of the fishery and the yield therefrom, 
showing that dangerous depletion had 
gone unchecked until 1930. From such 
studies the Commission is in a position to 
determine in advance the effect of any given 
intensity of fishing and to devise and en¬ 
force regulations of the industry that have 
already stayed the decline and, indeed, 
tended to increase the stock. 


According to the authors of the eighth 
report (Thompson and Bell, 1934), “The 
conclusions from the investigations of the 
Commission are most striking and of pro¬ 
found importance to the regulation not 
only of the halibut fishery but, it hopes, 
also to many other fisheries. They indi¬ 
cate that in each stock the major changes 
are due to the fishery itself. They show, 
as might be expected from the history of 
many other fisheries, that the more intense 
the fishery the fewer fish survive to a 
spawning size. They also show that an 
intense fishery takes the available fish 
while they arc still small, and that a 
lessened intensity allows them to grow to 
a larger size, but takes them just the 
same. Consequently, the ultimate yield 
obtained by the less as compared to the 
more intense fishery, from what young 
do come into the commercial catch, de¬ 
pends upon whether the growth in bulk 
exceeds or is less than the loss by natural 
death during the additional period they 
are allowed to live. Accordingly, where 
growth is rapid and the weight of living 
fish increases with time, the great intensity 
of the fishery is sheer economic waste in 
that it does not increase the total catch, 
but actually decreases it, as well as pre¬ 
vents the growth of fish to spawning size. 
It docs not increase the yield, but lessens 
it, and destroys the supply of spawners. 
The application to regulation is obvious.” 

One other recent outstanding contribu¬ 
tion to fishery biology in the United States 
may be cited in “Life History of the Lake 
Herring (Leucichthys artedi Le Sueur) of 
Lake Huron as rcvaelcd by its Scales, with 
a Critique of the Scale Method,” by John 
Van Oosten (1919). In this paper Dr. 
Van Oosten makes a searching inquiry 
into the validity of the chief method of 
age determination in fishes, the scale 
method, and has firmly established its 
soundness for fishes in general and in par¬ 
ticular for the species with which he was 
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concerned. He then takes upastudy of the 
life history of the lake herring, analyzing 
representative samples of the population 
in Saginaw Bay, giving special attention 
to the age composition of the stock and the 
rates of growth as affected by commercial 
fishing operations and other artificial fac¬ 
tors in environment, such as pollution of 
the water. The results in his study of the 
lake herring in Saginaw Bay plainly indi¬ 
cate a tremendously high mortality re¬ 
sulting from an intensive fishery and re¬ 
markable changes in the rate of growth, 
resulting from chemical pollution during 
the years 1915-1918. 

As an illustration of fishery biology that 
includes animals other than fish, I may 
mention 4 ‘The Relative Growth and Mor¬ 
tality of the Pacific Razor Clam ( Siliqua 
patula Dixon) and Their Bearing on the 
Commercial Fishery,** by F. W. Wey¬ 
mouth and H. C. McMillin (1931). After 
a sufficient analysis of the genus Siliqua 
to establish the fact that the animal under 
investigation is represented by a single 
species, S. patula, a careful statistical 
analysis of variability, sexual differences, 
mortality, and age and growth is made 
that establishes the growth norms and life 
expectancy of the populations of this 
species in different localities throughout 
its range from Alaska to California. Inci¬ 
dentally, a mathematical expression of the 
characteristics of growth is derived that 
may have universal application to all 
invertebrates and, indeed, to the verte¬ 
brates as well. The authors conclude 
that, with knowledge of the rate of growth, 
the length of life, and the abundance of 
young individuals in the different latitudes 
now available, they can predict the resist¬ 
ance of various clam beds to commerical 
fishing. Hence, by following a regular 
system of periodic censuses this valuable 
resource on the Pacific Coast can be regu¬ 
lated by legal means and permanently pro¬ 
tected. 
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A few other papers may be mentioned. 
One series in particular bears definite 
relation one to the other that is not 
always readily discernible in other simi¬ 
lar scries: “Fishes of the Gulf of Maine,** 
by Bigelow and Welsh (19x5); “Plank¬ 
ton of the Offshore Waters of the Gulf 
of Maine,** by Bigelow (192.6); “Physi¬ 
cal Oceanography of the Gulf of Maine,**/ 
by Bigelow (192.7); “Seasonal Distri¬ 
bution of Plankton of Woods Hole Re- 
gion,** by Fish (192.5); “Production and 
Distribution of Cod Eggs in Massachusetts 
Bay in 1914-19x5,** by Fish (1918); “Sta¬ 
tistics of the Catch of Cod off the Eastern 
Coast of North America to 192.6,** by 
Settc (192.8); “Fishing Grounds of the 
Gulf of Maine,** by Rich (1930); and 
“Statistics of the Haddock Fishery in 
North American Waters,’* by Needier 

(1930. 

HISTORICAL DEVELOPMENT AND 
ORGANIZATION 

Now that we have sufficiently defined 
the field of fishery biology a brief review 
of the historical development of this sci¬ 
ence will be comparatively easy, for by 
our definition we have eliminated at a 
stroke most of the biological research 
from Aristotle to Agassiz. The publi¬ 
cation in 1914 of the noteworthy paper 
“Fluctuations in the Great Fisheries of 
Northern Europe, * * by Johan H jort (1914), 
head of the Norwegian Fishery Depart¬ 
ment, in the Reports of the International 
Council for the Exploration of the Sea may be 
likened to the ceremonial laying of the 
comer stone in the edifice of modem 
fishery biology, and in 192.6 Hjort added 
a few dabs of mortar and gave a little 
polishing off to the job by publishing his 
paper, ‘‘Fluctuations in the Year Classes 
of Important Food Fishes” (19x6). Al¬ 
though the founding of a science can not 
be credited to any one man, Hjort probably 
did more than any other in defining and 
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giving concrete form to the concept of 
“vital statistics” applied to fish popula¬ 
tions as the central theme of fishery biology. 
The exploration of the inter-relations of 
his three major variables affecting the fish 
supply, “birth rate, death rate, and migra¬ 
tions “ and his demonstration of “domi¬ 
nance of year-classes” as causing fluctua¬ 
tions in abundance have had profound 
effect upon the development of the science 
and its successful application to practical 
problems of the fisheries. Of course, as 
in the construction of a building, work 
on the foundation and fabrication of the 
parts had been proceeding for a long 
time, carried on by many workmen in 
many places before the bunting was put 
up and the high-hat notables arrived for 
the ceremony of cornerstone laying; so 
with fishery biology foundational studies 
had been proceeding for perhaps a century 
before the incident mentioned occurred. 

A systematic study of the sea started in 
earnest about ioo years ago and was carried 
out at first in connection with the work of 
survey and exploration undertaken by the 
naval ships, particularly of Great Britain 
and of this country. At about the same 
time zoologists began to extend their 
interests from the shallow waters to the 
deep sea by means of the dredge. About 
75 years ago the tow-net was introduced 
as a means of research. Fifty years ago 
the great Challenger expedition was at sea 
and these researches were followed by the 
explorations of our own “Albatross,” of 
the German “Meteor,” the Danish, 
“Dana” and the British, “Discovery” 
(Murray and Hjort, 1911). 

During the second half of the last cen¬ 
tury investigations of the sea fisheries 
developed gradually in the Scandinavian 
countries, in Germany, and in Great 
Britain. In 1871, the U. S. Fish Com¬ 
mission was established to be designated 


after 1903 as the U. S. Bureau of Fisheries. 
In the eighties the Fishery Board for Scot¬ 
land began its notable career and not long 
afterwards the Marine Biological Associ¬ 
ation of the United Kindgom began to 
concern itself with fishery problems on 
behalf of the British Government. At 
the beginning of the present century, an 
important step was taken in the formation 
of the International Council for the Explo¬ 
ration of the Sea. Its functions were 
divided between the traditional scientific 
investigation of the sea in all its aspects, 
especially the waters bordering northern 
Europe, and the more modern investiga¬ 
tion of the practical problems of the sea 
fisheries, especially the problems of “over¬ 
fishing” and “fluctuations.” 

In America various temporary com¬ 
missions between the United States and 
Canada have considered the welfare of 
international fisheries since 1897 and many 
of the investigations of the Biological 
Board of Canada were concerned with 
fishery problems as early as 1901. In 
1911 the North American Council on 
Fishery Investigations was established and 
has since been functioning in coordinating 
researches on the fisheries in the western 
North Atlantic, and an international con¬ 
vention between the United States and 
Canada establishing a permament fisheries 
commission, ratified in 1924 and since 
renewed, provides for thorough scientific 
investigation and regulation of the North 
Pacific halibut fishery. 

Thus it may be seen that governments 
and government supported institutions arc 
the chief agencies for the conduct of fishery 
investigations. Universities or other pri¬ 
vate institutions lacking resources and 
authority for the collection of the basic 
data seldom undertake direct attacks upon 
fishery problems, but pursue collateral or 
fundamental studies. 
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MAJOR PROBLEMS AND THEIR APPLICATIONS 

Doubtless the most significant and fun¬ 
damental problems of the fisheries are the 
understanding of the forces and mechanism 
of 4 ‘natural** equilibrium and the main¬ 
tenance of “artificial 4 * equilibrium in 
fish populations. These major objectives 
lead at once to (i) the detection of over¬ 
fishing, (i) the tracing or foretelling of 
fluctuations in abundance, and (3) the de¬ 
vising of a rational system of managing 
the supply for the economic advantage of 
man. 

Although many people still believe 
implicitly in the inexhaustibility of the 
resources of the sea, in which views 
they are upheld by contemplation of the 
vast areas of waters, the tremendous 
fecundity of aquatic animals, and the 
antiquity of the great sea fisheries (see 
McIntosh, 192.1), the fear of depletion of 
the more valuable species by commercial 
fishing has been the foundation of all 
governmental activity in connection with 
fishery investigations. That these fears 
were not ill-founded is amply proved by 
experience and, in a few cases, by sound 
scientific investigation. We need only 
look back over the statistical records of 
such fisheries as the Atlantic salmon and 
halibut, the shad and ale-wife in the coastal 
rivers of the Middle Atlantic States and 
in New England, and the sturgeon in these 
rivers and in the Great Lakes to be con¬ 
vinced that disaster can overtake such 
fisheries as the inevitable result of inten¬ 
sive or destructive fishing, which in some 
cases is coupled with the pollution of 
waters or obstruction of spawning beds 
(Van Hisc and Havemeycr, 1930). 

But these, you may argue, are littoral 
or anadromous fishes. Surely the hordes 
of fishes that roam the high seas are too 
extensive to be affected by man's puny 
influence. It is true that coastal and an- 
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adromous fishes being within easy reach 
of the fishermen's nets or, because of their 
peculiar life history, actually assembling 
in mass and coming to the fishermen's very 
door to be caught are more vulnerable than 
the pelagic forms. On the other hand 
even deep sea fisheries arc subject to serious 
reduction as is evidenced by the fate of 
of the Pacific halibut and by the history 
of the plaice fisheries of the North Sea. 

In the first report of the International 
Fishery Commission, United States and 
Canada, W. F. Thompson reported that 
under the stress of great intensification of 
fishing effort on the halibut banks from 
Oregon to the Alaskan peninsula the abun¬ 
dance of fish on the grounds exploited for 
the longest period had fallen enormously— 
to 16 per cent of the abundance in earlier 
years. In 1906, the catch per set of the 
unit of fishing gear was nearly 300 pounds; 
in 1916, it was below 50 pounds. Ac¬ 
companying this fall in abundance there 
was a decrease in the average size of the 
fish landed and a great increase in the 
percentage of undersized fish, all of which 
indicate the extensive progress of deple¬ 
tion (Babcock, 1931). 

It is true that the herring of northern 
Europe which has supported a great 
commerical fishery for 1,000 years is still 
virtually unaffected, the cod in Europe 
likewise appears to be extremely resistant 
to fishing, and in the western North 
Atlantic has produced with only minor 
variations an average yield of over 100 
million pounds annually for half a century. 
Such species seem to be especially resistant 
to overfishing. 

OVER FISHING 

Depletion in the commercial fishery is 
usually understood as a decline in yield 
per unit of effort, but a reduced level of 
supply in any species may be the result of 
a vast complex of natural causes and not 
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solely due to overfishing, for great varia¬ 
tions in abundance have been observed in 
nature which are in no way related to 
depletion. 

In the popular mind depletion is too 
often associated with the record of a de¬ 
clining yield in the market supply. This, 
however, may not be the case, for the gross 
figures of landings arc affected by too many 
extraneous influences to serve as more than 
the merest indication of the true abun¬ 
dance of a species exploited. Thus eco¬ 
nomic conditions such as a brisk demand 
and high prices will send more fishermen 
to sea with more numerous and more 
efficient nets with the result that even 
with a constant or a declining supply, 
total yield will rise, and in a corresponding 
manner a decreased demand will reduce 
the yield regardless of the real abundance 
of the fishes. Hence, the study of over 
fishing and resulting depletion demands 
first of all an exact and reliable index of 
abundance that is uninfluenced by eco¬ 
nomic forces but measures the population 
remaining in the sea (Thompson, 192.8). 

. Of course, no attempt is made to deter¬ 
mine the absolute number of fishes in any 
given area, but it is of utmost importance 
to devise a measure of relative abundance 
what will be sufficiently accurate to prove 
whether the stock is increasing or decreas¬ 
ing. For this purpose the yield per hundred 
hours of trawling with the standard otter 
trawl has been employed in the North Sea 
for many years and has yielded valuable 
results (Russell, 1931). An attempt has 
been made to derive a measure of abun¬ 
dance from the yield per day’s absence 
from port of the steam trawlers in the 
North Atlantic offshore banks fishery, 
but this measure is subject to so many 
errors that it can scarcely be regarded as 
suitable. It is, unfortunately, the only 
measure of abundance that can be applied 
to the statistics of landings that have been 


collected in the North Atlantic ports by 
the Bureau of Fisheries for many years, 
although more precise records of the actual 
time spent in fishing arc now being col¬ 
lected for a study of abundance of the 
haddock and mackerel. 

The State of California has an admirable 
statistical system for determining yield 
per unit of effort from which the yield 
per vessel per day in the various areas can 
be determined with great accuracy for 
tuna, the offshore salmon fishery, and some 
others. The method of collection and 
utilization of such records is well de¬ 
scribed in the paper by Craig (1930). 

Overfishing, however, may not be 
judged alone by an absolute decline in the 
numerical strength of the fish population 
in any area, for biological criteria of de¬ 
pletion exist that must be taken into ac¬ 
count. It is self-evident that in any in¬ 
tensive fishery in which the strain falls 
upon mature individuals the relative 
proportion between the adults and the im¬ 
mature will be materially changed, the 
adults become less numerous, and the 
average age of the entire stock decreases. 
Hence, a decline in the relative numbers 
of adults combined with a falling yield 
per unit of effort indicating a decline of 
abundance, may be interpreted as the begin¬ 
ning of depletion from overfishing, while 
the occurrence of cither phenomenon inde¬ 
pendently may indicate only natural 
fluctuations due to variation in reproduc¬ 
tive success or a reduced level of abundance 
from other natural causes. 

An analysis of the changing age composi¬ 
tion of the fish stock is, of course, dependent 
upon exact methods of age determination. 
Probably the first successful method of age 
determination was that employed by the 
eminent Danish biologist, C. G. J. Peter¬ 
son (1891), who published an account of 
investigations in which the age classes of 
fish were identified by the tabulation of 
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their sizes. The frequency of these sizes 
when plotted graphically showed modes 
or waves of maximum frequencies about 
the typical lengths of each age class. This 
was the length frequency method which is 
still so much used today because of its con¬ 
venience of application to large numbers 
of observations, but because of the fact that 
the rate of growth of fishes slows down so 
markedly after reaching maturity this 
graphical method is limited in its appli¬ 
cation for individual age classes in the 
older fish are merged in an indistinguish¬ 
able mass when their sizes are overtaken 
by the younger classes. 

The length frequency method, although 
still of wide use for the analysis of size 
composition, was soon displaced by the 
more exact and useful method of age de¬ 
termination first developed in 1898 by 
Hoffbauer, who established the fact that 
the age of carp could be determined by a 
microscopic examination of the scales. 
(See Van Oosten, 192.9.) Direct obser¬ 
vation and careful experimentation has 
established the scale method as having 
universal application to fishes, but be¬ 
cause of special circumstances, it is not 
always practicable with all species. For 
example, the plaice of the North Sea possess 
scales that arc extremely difficult to in¬ 
terpret and more success has been had in 
age determination by a study of the struc¬ 
ture of the otoliths or ear bones. The 
same is true of the American halibut 
(Thompson, 1915), and the scales of the 
Pacific sardine are illegible. 

Throughout the past twenty years, 
however, the method has been greatly 
refined. Following Hoffbauer’s early an¬ 
nouncement, Walter in 1901 discovered 
that the relative width of a growth zone 
on a scale was proportional to the growth 
of the fish in that year. This significant 
contribution to the method was first stud¬ 
ied critically by Lea, in 1910, using the 


Norwegian herring and from his work we 
have the familiar scale formula, “Length 
of scale included in the annulus of year X, 
divided by the total length of the scale 
equals the length of fish at the end of year 
X, divided by the length of fish at the time 
of capture.** Subsequent studies have 
shown that this is not a constant relation. 
It was soon criticised by Lee, in 1912., from 
which we have the “phenomenon of ap¬ 
parent change in growth rate.** Gilbert 
(1913) readily adapted and developed the 
scale method for the age analysis of the 
annual spawning runs of Pacific salmon 
and opened the way for acquiring an under¬ 
standing and control of the important sal¬ 
mon fisheries of Alaska. Harold Thomp¬ 
son (1919), studying the haddock, has 
found that the relative growth rate of 
scales of fish fluctuates from time to time 
throughout the season. The same phenom¬ 
enon has been studied many times since 
and various corrections in the formula 
have been proposed. R. A. Ncsbit of the 
staff of the Bureau of Fisheries, studying 
the scales of the weak fish, is making 
further contributions and refinements in 
the method at the present time along these 
lines. 

The scale method, therefore, which 
provides information regarding the age of 
the fish at time of capture, its rate of 
growth throughout its life history, and in 
many cases, as in the Pacific salmon, rec¬ 
ords of peculiar environments by which 
distinct races may be identified from peculi¬ 
arities in scale structure, has come to be 
one of the most important methods of 
fishery research and has produced a 
voluminous literature. 

One of the important factors affecting 
the abundance of fish in any locality is 
migration which may be periodic and ex¬ 
tensive, affecting the entire stock, or 
casual and local, affecting only portions 
of the stock. Certain fish such as the 
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herring can not be considered as uniform 
in the whole area of their distribution but 
may be distinguished as local forms or 
races because they spawn regularly at a 
certain season or at certain spawning 
places under definite physical conditions 
and later commingle in a general feeding 
area or on the other hand remain segre¬ 
gated throughout life with little or no 
intermigration. It is a well-known fact 
that within the same species the isolation 
of particular stocks of fish tends to develop 
differences in their physical characteristics 
or in their physiological reactions. These 
differences may be entirely the direct result 
of environment or they may be inherited, 
but if the stocks arc isolated in origin the 
means and distributions of a series of 
measureablc characteristics differ signifi¬ 
cantly whereas if intermingling occurs no 
such average differences remain. 

Migrations of fish and the identification 
of segregated races have been investigated 
by means of morphometric studies of these 
local forms. Various structural characters 
have been used and analyzed statistically 
.such as the counts of the vertebra, dorsal 
or anal rays, gill rakers, keeled scales on 
the herring, and the proportions of the 
body such as the ratio of head length to 
standard length and similar proportions. 
This method has been applied with con¬ 
siderable success in the North Sea and in 
the Atlantic, to such fishes as the herring, 
cod, sardine, and other food fishes (Inter¬ 
national Council, 1919) and the Pacific 
herring (Rounsefell, 1930). In the last 
mentioned species Dr. Rounsefell of this 
bureau has distinguished twelve or thirteen 
separate races from California to the end 
of the Alaska peninsula. 

Direct methods of tracing migrations 
include tagging and marking. One of the 
earliest methods of .tagging fish was em¬ 
ployed by the Scottish Fishery Board for 
marking plaice. The identifying mark 


consisted of two disks of ebonite, bearing 
serial numbers attached to the fish by a 
silver wire through the body below the 
dorsal fin. This tag has been modified 
many times and is still used today (Inter¬ 
national Council, 1932.)* In America a 
modified form made of celluloid or alumi¬ 
num bearing complete instructions for re¬ 
turn of the tag is being used for cod, had¬ 
dock, scup, flounders, and croakers on the 
Atlantic Coast. A metal strap tag of a 
different form has been used extensively 
for studying migrations of the cod (Schroe- 
der, 1930) and the Pacific salmon (Gilbert, 
1924). Ncsbit's new belly tag, a celluloid 
strip bearing full instructions for return, 
inserted in the body cavity of the fish, is a 
startling new development in tagging 
method that holds great promise. 

Aside from the attachment of numbered 
tags, the most successful method of 
marking fish is by clipping combinations 
of fins so that mutilated individuals in dif¬ 
ferent experimental lots can be identified 
later. This method has been used ex¬ 
tensively on the Pacific salmon to mark 
lots of young fish in the fingerling stage 
when liberated from hatcheries to trace 
their migrations and to test the effective¬ 
ness of artificial propagation (Rich and 
Holmes, 192.9), and also for marking down 
stream migrants in nature to provide a 
mathematical basis for calculating the 
numbers of progeny from known escape¬ 
ments of spawning fish. 

It is a certainty that one of the main 
factors affecting the quantity and size 
composition of the stock is the intensity 
of,fishing. Direct evidence of this is 
afforded in some species by marking ex¬ 
periments. Thus it is definitely known 
in the plaice of the North Sea that up to 50 
per cent or more of the marked fish may 
be recaptured in a year by fishing vessels. 
This is generally regarded as an un¬ 
usually high rate of capture. Figures 



FISHERY BIOLOGY 


cited by Van Oosten (1919), however, 
indicate that the annual mortality of the 
lake herring in Saginaw Bay may reach 70 
per cent, of which doubtless the greater 
part is the result of commercial fishing. In 
the herring of northern Europe indirect 
methods of calculation have indicated 
mortality rates in the commercial stock 
of 10 per cent per annum in the Norwegian 
spring fishery, and 50 per cent per annum 
in the East Anglian fishery. 

A striking object lesson on the influence 
of fishing upon the abundance of the stock 
is provided by the history of the fishery 
of the North Sea during the War (Borley, 
19x3). Fishing operations were naturally 
much restricted during these years and 
landings of bottom fish fell to less than 30 
per cent of the normal amount with the 
result that the mortality rate due to 
fishing was materially decreased. During 
these years more fish survived, stocks were 
gradually built up, so that when fishing 
was again eventually resumed landings 
were considerably higher, and the average 
size of the fish somewhat greater. The 
increased yield did not, however, last 
very long, and the very intensive fishing 
of the years immediately after the War 
quickly wiped out this accumulation of 
stocks with the result that the landings 
per unit time fell to approximately the 
pre-war level. 

The effects of this partial protection of 
the stock of plaice in the North Sea during 
the war period were very thoroughly 
investigated by the British Ministry of 
Agriculture and Fisheries, and it was 
found that by the end of the war the plaice 
stock had reverted some way towards 
the state of an unfished or virgin ground. 
Under such conditions catches are very 
high, but they consist of large, old fish 
in rather poor condition, which represent 
the accumulation of years. As time goes 
on these old fish are eliminated. The 
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average catch decreases with the average 
size of the fish, but their quality and their 
rate of growth is improved and more room 
is left for the up-growth of new stock. 
This is precisely what happened in the 
North Sea during the war and serves to 
emphasize the extreme complexity of the 
problem of overfishing. Parallel condi¬ 
tions exist in the Pacific halibut fishery 
as mentioned above. 

Commercial interests in this country 
have advanced the proposal that over¬ 
fishing need not be investigated, and that 
any regulation whatever of the intensity 
of fishing by governmental means is un¬ 
necessary on the grounds that the level 
of abundance of the fish supply will fall 
to a certain point known as the “least 
economic level," beyond which it would 
be unprofitable to exploit the fishery by 
any but the most efficient business units, 
and that the strain of fishing will thereby 
be relieved (Taylor, 1930). This is 
doubtless true, but we have no assurance 
that the least economic level will be the 
most productive one in food for the nation. 
Obviously, that level of abundance should 
be maintained that will induce maximum 
growth and replacement coincident with 
the greatest withdrawals from the supply 
that can be taken year by year with¬ 
out jeopardizing future production. 

Since it is impossible to predict in 
advance the strain of fishing that any 
stock can withstand without permanent 
impairmcht, the study of overfishing is 
reduced to a routine of continuous observa¬ 
tion in which the trend of the supply and 
the composition of the stock are given 
proper attention and analysis. 

FLUCTUATIONS AND PREDICTIONS 

The expression “fishermen's luck" sum¬ 
marizes the fact that the yield of the fisher¬ 
ies both locally and over wide areas is 
extremely erratic and a great mass of 
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scientific evidence now available indicates 
that these changes in yield are primarily 
due to major fluctuations in the actual 
abundance of the various fish stocks. 
These variations in abundance are also 
found in land animals, and attempts have 
been made to discover cyclic variations 
related to world-wide factors such as 
solar variations and the like. The problem 
has a very practical bearing. In certain 
communities, in northern Norway, for 
example, where the population is mainly 
dependent upon the fisheries for a liveli¬ 
hood, the success or failure of the fishing 
is, or used to be, a matter of life and death. 

“It is natural therefore,” says Dr. Russell (1931, 
p. 136), “that the study of fluctuations was tackled 
first and most energetically in Norway under .... 
the direction of Dr. Johan Hjort, then director of 

fisheries.It happened fortunately that at the 

time Hjort’s work started (in 1901) the technique 
of age determination in fish by means of scales and 
otoliths was just being worked out. This method 
was applied with great success to the study of the 
herring, 'and it soon became established that the 
main cause of the fluctuations in the great spring 
herring fishery was the success or failure of the in¬ 
dividual broods or year-classes composing the stock. 
Thus it was found that the 1904 year-class was 
remarkably abundant, and it predominated in the 
catches for many years, providing a rich fishery. It 
still persisted, though in greatly reduced numbers, 
for some years after the war, and meanwhile the 
stock was replenished by other good year-classes such 
as those of 1913 and 1918; intermediate year-classes 
were very poor. 

“Similar methods applied to the Norwegian cod, 
supplemented by extensive measurements, demon¬ 
strated the existence of especially prolific brood-years, 
as for example those of 1904 and 19x1, while other 
years contributed little to the stock. 

“The same general method of determining the 
age-composition of the stock, and particularly the 
abundance of the incoming year classes or recruit- 
stock, has been used with success also on the North 
Sea, particularly by Dr. Harold Thompson for the 
haddock and by Dr. Hodgson for the East Anglian 
herring fishery." 

Indeed, the problem of large scale 
fluctuations ever since the publication of 


Hjort*s paper of 1914 has received much 
attention from fishery investigators in 
Europe and has been actively studied as 
shown by the papers of twenty authors, 
published by the International Council 
(1930), under the title, “Fluctuations in 
the Abundance of the Various Year Classes 
of Food Fishes.'* 

In America the study of these fluctuations 
in abundance forms the major activities of 
the research staff of the Bureau of Fisheries 
in the North Atlantic area and is being 
applied to the haddock, mackerel, scup, 
and wcakfish. There can be no doubt 
that this general principle applies to the 
supply of all fishes, but probably the most 
spectacular variations in abundance are 
found in the mackerel fishery which has 
been studied for several years by O. E. 
Settc of the Bureau of Fisheries (vide ante). 

From a study of the age-composition of 
the commercial catch of mackerel, to¬ 
gether with the records of landings, data 
have been secured which indicate that the 
year-class produced in 1913 was extremely 
abundant. Probably the next in order 
of abundance was the year-class produced 
in 19x8. The 1919 and 1930 year-classes 
were relatively less important and repro¬ 
duction in all of the other years since 1913 
was a virtual failure. So abundant, indeed, 
was the 19x3 year-class that it largely 
dominated the fishery up to and including 
193x, the most recent year for which an 
analysis is complete. 

On the basis of these studies in which 
the relative strength of the various year- 
classes is calculated, together with their 
rates of decline, predictions of the expected 
yield have been offered for several years. 
These predictions have great potential 
value to the fishing industry. If a sea¬ 
son of unusual abundance may be foreseen, 
marketing channels may be prepared for 
expanding distribution, and the tech¬ 
nological processes such as freezing, 
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salting, canning, and packing may be 
planned to take care of the excess pro¬ 
duction, thus reducing glutted and 
demoralized markets, which too often 
drive prices so low as to cause real distress 
among the fishermen. Conversely, in sea¬ 
sons when scarcity appears inevitable, 
the cost of such preparations can be saved 
and accumulated stores of processed fish 
may be released to supplement current 
production. 

Although no reports have been pub¬ 
lished, similar predictions have been 
prepared for several years for the major 
runs of salmon in the important fishing 
districts of Alaska. Strangely enough 
these predictions are based on less precise 
data than are available for the pelagic 
sea fisheries. They include such factors 
as the known escapement of spawning 
salmon and their age-composition, the 
physical conditions upon the spawning 
beds, the estimated production of young 
salmon migrating seaward, the normal 
age at maturity, and various other indica¬ 
tions such as, for example, in the red 
salmon, the number of grilse or precocious 
males returning in the year previous to the 
year of prediction, which is believed to 
bear a fairly definite relation to the number 
of normally maturing adults. These pre¬ 
dictions are becoming increasingly accu¬ 
rate and already have provided such 
valuable information that they are ac¬ 
cepted as an important basis for the regula¬ 
tion bf the fisheries by the Government 
and for the commercial preparations for 
packing activities the ensuing year. There 
is no doubt that additional research along 
these lines will bring still closer the prac¬ 
tical control of fishing operations and the 
maintenance of the stock of fish. 

Little is known so far about the causes 
of these fluctuations in the great fisheries. 
One thing appears reasonably certain: 
that there is no necessary correlation in the 
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case of pelagic fishes between the numbers 
of eggs produced in a particular spawning 
season and the number of fry which sur¬ 
vive. On the contrary, good brood years 
have often been poor spawning years. 
The fate of the year-class is probably settled 
at a somewhat later stage, possibly in the 
larval or post-larval stage. Various fac¬ 
tors have been adduced as probably af¬ 
fecting survival—lack of planktonic food 
for the newly hatched larvae, variation 
in temperature, variation in normal courses 
of currents drifting the larvae to localities 
unsuited to their growth and development. 
Much work still remains to be done be¬ 
fore this complex problem can be solved 
and here is introduced to the field of fishery 
biology the great range of studies included 
in oceanography and limnology, the em¬ 
bryology and physiology of development, 
etc., that may have been regarded as basic 
or foundational studies or, indeed, only 
remotely related to fishery biology. 
Clearly the problem is an ecological one 
and nothing short of a full knowledge of 
conditions of existence of the species con¬ 
cerned, of its relations to other forms of 
life, of its food and competitors, will 
suffice to solve it. 

FISHERY MANAGEMENT 

Space will permit but a few remarks on 
the subject of protecting or wisely using 
the fish supply even though this subject 
represents the cutting edge of the tool of 
which the more technical phases of 
fishery biology are the handle. Certainly, 
the application of our knowledge of the 
status and trend of fishery resources, their 
natural fluctuations in abundance, and the 
life history and habits of the fishes they 
represent, must be applied in maintaining 
and utilizing the wealth of the waters. 
Doubtless, it is because of the youthfulness 
of fishery biology itself that the methodol¬ 
ogy of fishery conservation is so little 
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developed. The protection of the fisheries 
even where depiction is clearly evident is 
still very largely a matter of trial and 
error with uniformly too little effort 
applied to observing or correcting the 
4 ‘error. 4 4 It is in this field that the fishery 
biologist is most directly confronted with 
problems in economics, for the protection 
of a fish supply is accomplished by the 
.regulation of the business enterprise of 
fishing which in turn affects a series of 
related industries. 

As pointed out by Thompson (1919) 
the application of corrective or preventive 
measures for the protection of a species 
threatened with depletion is dependent 
upon the nature of the species to be pro¬ 
tected. One of the important considera¬ 
tions in this connection is the extent of 
migration which occurs, for if the species 
ranges over a wide territory regulatory 
measures must be applied over the entire 
range. On the other hand, if a species 
is largely localized, or is composed of 
segregated populations or races, protective 
measures may be applied only to those 
areas where the fishery is prosecuted most 
intensively, or, in case depletion is more 
general, closed areas may be established 
and alternated after a period of years with 
the areas in which fishing is permitted 
so as to provide a rotation that will favor 
natural recuperation of the species during 
the seasons of closure. 

Conservation authorities are continually 
confronted with demands to prohibit 
fishing particularly in inshore waters 
during spawning seasons, to prohibit the 
capture and sale of immature sizes, to 
regulate or prohibit the use of efficient and, 
therefore, “destructive 44 types of fishing 
gear, or to close certain areas to com¬ 
mercial fishing. Many of these demands 
are certainly based upon economic reasons 
rather than biological, for in general 
fishing during the spawning season is no 


more destructive to the species than at any 
other time of the year, barring the in¬ 
creased expectancy of survival until spawn¬ 
ing as hazards of life are passed. 

This is a subject on which there is very 
general popular misunderstanding. Argu¬ 
ing from the familiar domestic animals and 
game, it is generally believed that breed¬ 
ing individuals are somehow particularly 
vulnerable and therefore should be given 
special protection. Since the survival of 
any species depends upon the production 
and survival of a sufficient number of eggs, 
it is important to determine, as pointed 
out by Herrick (1911), “the life rate or law 
of survival, 44 which is a measure of the 
hazards which must be survived by the 
progeny of each pair of adult individuals. 
The reproductive capacity of any individ¬ 
ual is measured by the total number of 
eggs produced in the average life time, 
and the destruction of these eggs is equally 
as serious in the case of catching an im¬ 
mature fish in its early stages of develop¬ 
ment as it is just prior to actual spawning. 
The worth of an individual to the species 
for the purpose of reproduction, however, 
as measured by the life rate or expectancy 
of survival increases as the spawning 
period approaches and as the dangers of 
destruction are surmounted. As Thomp¬ 
son (Joe. «>.) says, "The question is simply 
one of where it is best to take toll of the 
supply, considering first the survival of 
the species and then the age or time at 
which the available surplus may best be 
taken. Is it best to take the immature 
before the natural perils of the sea have 
reduced their numbers or to take the 
mature after they have increased greatly 
in average size?. . . In other words, which 
has the least value to the species weight 
for weight? 44 Of course, certain species 
that school densely for spawning are more 
readily taken at that time. Fish taken at 
the spawning time or immediately after are 
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inferior in quality as a food product and, 
in species for which there is an active 
demand for roe, spent fish have naturally 
a reduced value and hence their protection 
at that time is based on economic con¬ 
siderations. 

There arc economic reasons also for pre¬ 
venting the sale of small fish for they 
usually bring lower prices, although the 
same frequently applies to the largest 
specimens as well. Closed seasons at 
various times of the year other than the 
spawning period arc frequently demanded 
in order to prevent the taking of an over- 
supply that will demoralize markets and 
reduce profits, and closed areas are fre¬ 
quently designed to prevent the taking 
of large quantities of small fish having 
little market value. Because these de¬ 
mands arc economic rather than biologi¬ 
cal, they are often frowned upon by pro¬ 
fessional conservationists, but, as in the 
utilization of any other food animal, the 
principle should apply to the fisheries that 
the individuals of a species should not be 
taken until they have passed the period 
of maximum growth, and until they have 
reproduced a sufficient number of times to 
maintain the species. They should be 
taken at the time when they have the 
highest market value and the greatest food 
value. Even this principle is not always 
applicable, for some species such as the 
shrimp of the South Atlantic States are 
utilized chiefly when immature. 

With these principles in mind we may 
again consider the protection of under¬ 
sized fish. Most of these if spared would 
grow to marketable size. Common sense 
indicates that such protection would 
increase the yield of marketable fish, but 
the problem is not so simple as it seems, 
for the question of degree comes in. Pos¬ 
sibly thinning out the stock at a very 
early age might be very advantageous 
while thinning later on might be disastrous 
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depending, of course, upon the period in 
the life history of the fish during which 
greatest natural mortality occurs. The 
problem is to some extent susceptible to 
exact mathematical treatment if we know 
certain fundamental food ratios, namely^ 
the amount of food relative to body weight 
required to keep weight constant, and 
secondly the relation between growth in 
weight and the amount of food required to 
produce this growth. Experimental stud¬ 
ies on this subject have been carried out 
at the Plymouth Laboratory in England 
(Dawes, 1930, 1931), but little investiga¬ 
tion of this type has been conducted in 
America. 

The question of the adequacy of the food 
supply has been studied in Europe by 
Peterson (1918) and others, but in America 
it has been assumed generally that the 
food supply is normally super-abundant 
for the existing fish population, and on this 
basis the Bureau of Fisheries has been de¬ 
vising commercial gear that will permit 
the escape of a large proportion of under¬ 
sized fish from the trawl catches of haddock 
in the North Atlantic and from the pound 
net and gill net fishery in the Great Lakes 
(Higgins, 1933). We have no assurance, 
however, that such measures will be 
adequate to stay the threatened decline 
in these fisheries. 

In Alaska the protection for the salmon 
runs has been effectively provided by 
limitation upon the commercial catch. 
The number of salmon traps is limited 
indirectly by locality restrictions, and the 
fishing period for all types of gear is re¬ 
stricted to but a portion of each week. 
In this way at least one half of the total 
nm of salmon is permitted to escape the 
fishing gear and enter the rivers for. spawn¬ 
ing. Recent observations, however, indi¬ 
cate that a far better means of conservation 
would be to require by law the escapement 
of a definite number of salmon, adjusted 
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according to the capacity of available 
spawning grounds rather than to protect 
a fixed percentage of the total run. 

Protection of the halibut fishery of the 
North Pacific through authority of the 
international treaty is provided by an 
arbitrary limitation of the quantity of 
halibut that shall be landed from the 
various areas into which the fishing 
grounds are divided for statistical pur¬ 
poses. Quotas are assigned to each of 
these areas that may not be exceeded by the 
fishing fleet and when that yield is attained 
all fishing ceases for the year. Through 
careful study of the effects of such limi¬ 
tations by the fishery commission and 
through the enforcement of proper regu¬ 
lations, the decline in abundance can cer¬ 
tainly be stemmed although, because of 
the slow growth of the species, many years 
will be required before recovery of the 
stock will be apparent. 

Experience is too limited to permit the 
expression of general principles or laws uni¬ 
versally applicable to fishery conservation. 
In general, however, it is admitted that, 
since the depletion of stocks is almost uni¬ 
formly the result of overfishing, the 
remedy lies in reducing the strain of ex¬ 
ploitation. How this may best be ac¬ 
complished depends upon a variety of 
local circumstances which the fishery 
biologist must take into account even 


though they frequently lie outside of the 
conventional field of biological investiga¬ 
tion. 

In the foregoing pages, I have cited the 
views of many workers and referred to the 
more recent literature in an attempt to 
define the boundaries of the current and 
the central drift of fishery science in the 
sea of marine biology. 

It may be seen from the evidence here 
presented that fishery biology no longer 
includes the diffuse and nebulous aims of 
the older students of natural history in 
which every fact concerning fish and their 
environment is regarded as having equal 
importance and being equally worthy 
of study. If another international fishery 
conference were to be held at present no 
such general program as that of 1908 
would be arranged. Different sections 
would doubtless be organized including 
separate discussions of fishery technology, 
aquiculture, and fishery biology at least. 
Investigators of fishery problems may not 
have narrowed their interests, but they 
have defined more clearly than ever 
before their objectives and have concen¬ 
trated their efforts upon the more immedi¬ 
ate and practical demands of industry to 
define and recognize overfishing and to 
manage rationally the fish supply for the 
permanent good of humanity. 
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PROPERTIES OF WATER OF BIOLOGICAL INTEREST 


By T. CUNLIFFE BARNES and THEO. L. JAHN 
Osborn Zoological Laboratory , Yale University 


INTRODUCTION 

T flE peculiar fitness of water as a 
medium for life is a subject which 
has received much attention for 
a number of years (Henderson, 
1914, 1917; Bayliss, 192.7). If one were 
to describe, on theoretical grounds, the 
supposed properties of the substance H2O, 
these properties would differ widely from 
those of the substance we know as water. 
The boiling point, for instance, should 
theoretically be — ioo°C. and the melting 
point — i5o°C. (Duclaux, 1912., p. 882.); 
however, these values for water arc re¬ 
spectively 2.00° and 150° higher than the 
theoretical ones. Other peculiar proper¬ 
ties of water arc its anomalous variations 
in specific heat, its high heats of fusion and 
vaporization, its maximum density at 4°C., 
its anomalous thermal expansion, its mini¬ 
mum of compressibility at 50°C., its high 
surface tension, and its changes in mag¬ 
netization constant. All of these abnor¬ 
malities can be explained only on the 
supposition that water is highly polymer¬ 
ized (i.e., composed of H 2 0 , 2H2O, and 
3H 2 0, etc.) and that the ratio of these 
polymers changes with change of tem¬ 
perature or that the molecules are arranged 
in a complex which changes with tem¬ 
perature. For example, the maximum 
density at 4°C. can be explained by the 
association theory, for, superimposed on 
the normal thermal expansion curve is a 
contraction curve due to the conversion 
of bulky ice (trihydrol) molecules into 
the denser dihydrol molecules, the effect 
of the two processes on the total volume 


being equal and opposite at 4°C. Con¬ 
cerning this effect Tyndall (1889, p. xuo) 
wrote “this halt [in contraction] of die 
approaching molecules at the tempera- 
ture of 39 0 [F.] is but a preparation for the 
subsequent act of crystallisation." 

In previous papers (T. C. Barnes, 1931; 
H. T. Barnes and T. C. Barnes, 1931; 
Lloyd and T. C. Barnes, 193O it was re¬ 
ported that filaments of Spirogyra , espe¬ 
cially S. nitida , would live longer in water 
which had recently been ice than in water 
which had recently been condensed from 
steam (water changed daily in both cases). 
The working hypothesis was suggested 
that the polymerized molecules (trihy¬ 
drol) were factors conditioning the ob¬ 
served difference. However, in Spirogyra 
neither the general appearance of the cells 
nor the extent of the mass of filaments per¬ 
mits quantitative studies. We have per¬ 
formed similar experiments with a proto¬ 
zoan, Euglena gracilis, in which it is 
possible to determine the number of indi¬ 
viduals per ml. of water (T. C. Barnes and 
Jahn, 1933). 

No extensive review of the association 
of water has appeared for twenty-dace 
years (Trans. Far. Soc ., vol. 6, 1910, p. £5) 
and it seems desirable that a review of the 
more important phases of this subject he 
made available to biologists. The present 
paper gives a review of the association 
of water and its isotopic composition, par* 
ticularly from the viewpoint of the general 
physiologist, together with certain dm 
on the effect of ice water on Euglena , and 
further data on the rate o{ freezing of ice 
water and steam water. The rather oner- 
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out "library work" was found necessary 
la connection with replies to numerous 
aad stimulating criticisms of the trihydrol 
hypothesis in biology (cf. T. C. Barnes, 
1934b). 

EARLY WORK 

The best short r£sum£s of the associa¬ 
tion of water are those of Duclaux (1911), 
Turner (1915), Mcllor (1911, pp. 411-411), 
Friend (1914), Chadwcll (1917), H. T. 
Barnes (1918) (Bibliography), Longinescu 
(1919) and Honigmann (1931). It is not 
generally known that Whiting (1884, P* 
71) was the first to develop a theory 
postulating the presence of dissolved ice 
particles in liquid water at all tempera¬ 
tures. Whiting believed that in freezing 
water there might be somewhere between 
15 and 38 per cent dissolved ice, and in 
boiling water somewhere between 17 and 
13 per cent. He also believed that the true 
expansion of water (apart from the con¬ 
traction caused by the melting of dissolved 
ice) between o°C. and ioo°C. was not only 
4 per cent but probably 8 to 10 per cent. 
In the same year Raoult from a considera¬ 
tion of the freezing point of solutions pic¬ 
tured the water molecules in groups of four 
which he later (Raoult, 1895) considered 
to be groups of twos. Vernon (1891) ex¬ 
plained the temperature of maximum 
density of water by postulating that the 
water molecules aggregate together and 
form more complex molecules than before 
existed. The density begins to decrease 
when about half of the molecules have 
undergone aggregation. Water from ioo° 
to 4 0 has the formula (H 2 0 ) 2 and below 
4° these molecules will condense to (H 2 0 ) 4 
molecules which Vernon pictures as: 

H H 
HO—OH 

I I 

HO—OH 
H H 


Rontgen (1891), in a paper which 
Sutherland describes as “elegant but 
brief,’’ independently proposed that water 
contains dissolved ice particles, and he 
used this hypothesis to explain several 
of the unique properties of water. On 
this assumption the decrease in the com¬ 
pressibility of water from o° to 50°C. is 
due to the smaller percentage of bulkier ice 
molecules as the temperature is increased. 
Rontgen also refers to Amagat’s demon¬ 
stration that the expansion coefficient of 
water between o° and io°C., o° and 30°C., 
and o° and 5o°C. increases with pressure 
up to 1500-3000 atmospheres and is greater 
at lower temperatures. This is in con¬ 
trast to simpler liquids such as ether and 
alcohol whose coefficient of expansion 
decreases with pressure. Rontgcn's third 
point is that the viscosity of water can 
be decreased by pressure, while that of 
most simple liquids is increased under 
pressure. Pressure dissociates the viscous 
trihydrol which may more than compen¬ 
sate for the usual increase of viscosity 
with pressure. The two effects are equal 
at about 3o°C. (cf. H. T. Barnes, 1918, 
p. 40). The phenomena can be explained 
on the assumption “dass fliissige Wasscr 
aus einem Aggrcgat von zwei Arten ver- 
schieden constituirtcr Molecule bcstcht.” 

Van Laar (1899) in a mathematical 
paper on the association of water and of 
alcohol considered fluid water as a system 
of single and double molecules (Table 1) 
and explained the contraction of alcohol- 
water mixtures as a dissociation effect (but 
cf. Bancroft and Gould, 1934). 

Probably the most extensive and at the 
same time the most speculative paper is 
that of Sutherland (1900), who calculated 
the percentage of trihydrol at. various 
temperatures. It must be remembered 
that Sutherland held to the binary theory 
of the association of water, postulating 
that the liquid form is composed of trihy- 
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drol and dihydrol only. Later work, 
however (Callendar, 1901; Bousfield and 
Lowry, 1905; Rao, 1934), indicates that 
water is a ternary system containing 
hydrol or steam molecules, at least in 
the range of 6o° to ioo°C. Southerland 


or that the density (/>) is a linear fuacttOQ 
of the temperature. Expressed gnphi' 
cally, with t as abscissa and p as ordinate, 
the equation gives a straight line fdrotdi- 
nary liquids, but the corresponding graph 
for water is a curve with a maximum 


TABLE 1 

Percentage of Tribydrol at Different Temperatures According to Various Authors 


Whiting (1884), p. 71. 


STATE Ot WATER 

MELTING ICE 

FREEZING WATER 

AT lOO°C. 

% “solid particles” 

About 50-70 

About 15-35 

About 17-13 * 


van Laar (1899), p. 6. 

Temp. °C. io° ioo° 

Fraction of ‘ ‘Double Molecules' *. 4/5 3/5 


Temp. °C. io° ioo° 

Fraction of ‘ ‘Double Molecules' *. 4/5 3/5 


Sutherland (1900), p. 464. 

These values give a smooth curve when plotted against the temperature shift in the infra-red bands of Piyier 
at x and x.ip (Cf. H. T. Barnes, 1918, p. 85). 


% Liquid Ice 


37-5 3 11 i8 -4 155 2 - 3-4 2.1.7 2 - 0-3 19 * * 6-5 


Duclaux (1911). 

Temp. °C. o° ioo° 

Grams of ice per liter of water. 100-300 50 


Richards and Chadwell (1915), p. 1193. 

Temp. °C. o° io° 

% “polyhydrol”. 39 18 


Tammann (1916). 

Temp. °C. o° io° io° 30° 40° 

Proportion of molecules of Ice I per gram of water. 0.15 o. 11 0.08 0.06 0.04 


Rao (1933). 


SUBSTANCE 

ICE 

WATER AT 0* 

WATER AT 4° 


WATER AT 98* 

%H.O 

mm 

29 

10 

2-9 

mum 

%<Mt 


58 

59 

50 


%(H,C», 

■HflH 

2-3 

11 

11 

Hill 


calculates the densities and properties density indicated at about 4°C. At higher 

of his two ingredients on the assumption temperatures Sutherland’s curve ap- 

that each constituent follows Mendeleeffs proaches asymptotically the straight line 

law of expansion of liquids between o°C. for a simple liquid. Therefore he assumes 

and their boiling points, that is, that the asymptote represents the behavior 

p « Po of one of the pure ingredients of water (di- 
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hydrol). By analysis of the curve he finds 
that water at o°C. consists of 37.5 per cent 
liquid (H s O) 8 ; density 0.88, and 61.5 per 
cent liquid (H a O)a, density 1.09 (vide 
Table 1). The latent heat of fusion of 
trihydrol, 16 calorics, is calculated on the 
assumption that it would expand 0.0366 
on fusing, 0.0366 being the mean expan¬ 
sion of a number of metals. The average 
expansion on melting of solids such as Pb, 
Cd, Sn, Na, K, P, and Hg (data of Vincen- 
tini) is 3.3 per cent, while in the case of 
water there is a contraction of 8.3 per 
cent. This difference led Sutherland to 
believe that “the solidifying of water into 
ice is no mere physical change of state, as 
with most melting bodies, but is chiefly a 
profound chemical change.** The re¬ 
mainder of the latent heat of fusion of ice 
is supposed to be made up of the beat of 
dissociation of 61.5 per cent of the ice into 
dihydrol and the heat of solution of the 
remaining fraction (37.5 per cent) in di¬ 
hydrol. 

Sutherland supports these conclusions 
by appealing to the then existing data on 
optical refraction, compressibility, sur¬ 
face tension, specific heat, viscosity, and 
dielectric capacity, all of which, with the 
possible exception of the last, appear to 
vary with temperature according to Suth¬ 
erland’s scheme of the changing propor¬ 
tions of ingredients. 

From the standpoint of general physi¬ 
ology Sutherland’s speculations concern¬ 
ing the surface tension are of extraordinary 
interest. According to Eotvos, if Mv is 
the molecular volume, a the surface ten¬ 
sion, and a(Mv? ,z the molecular surface 
energy, <r, then dajdt h nearly the same for 
all normal liquids and remains almost con¬ 
stant (1.12.) until the critical temperature 
is closely approached. For associated 
liquids of varying degrees of association, 
dofdt is not constant and is of a lower value 
than for unassociated liquids. Since this 
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value for water (M = 18) near o°C. is about 
0.91 (data of Ramsay) and rises with 
temperature, it is assumed that water is 
associated and that an increase in tem¬ 
perature results in a decrease in the amount 
of association. In order to bring the value 
of Eotvos* constant nearer to z.iz, it is 
necessary to multiply by 3 2/8 , thereby 
assuming that the surface layer is 3H2O 
or that it has an average molecular weight 
of 3 X 18. This gives 1.91, and a further 
correction for density necessitates multi¬ 
plying by (i/o.88) 2/ \ where 0.88 is the 
derived density of trihydrol (vide supra'). 
This factor raises 1.91 to 1.08, a figure 
near enough to z.iz to suggest that the 
surface film of water at about o°C. consists 
entirely of trihydrol . Thus it appears that 
the tension in the surface layer of water at 
o°C. is sufficient to cause nearly all of the 
water there to change into trihydrol, the 
surface tension of which is that of water 
at o°C., namely, 73.32. dynes per cm. This 
appears logical enough, for if compression 
dissociates, tension might be expected to 
associate the water molecules. By Eot¬ 
vos* relation the surface tension of tri¬ 
hydrol at any temperature is given by the 
equation: 

at C54 /p 0 ,/3 ** 73-3 (54/- 88 )*^ - i.ix t 

Sutherland's calculations indicate that up 
to 4o°C. the surface film of water consists 
of pure trihydrol, but that at 6o°C. and 
higher temperatures the surface tension is 
so much reduced as to allow some of the 
lower polymers to form. However, in 
this connection we must remember 
Ncmst’s (1913, p. 32.1) suggestion that 
although deviation from the constant of 
Eotvos indicates association of a liquid, 
it is impossible to conclude satisfactorily 
the precise degree of association . Shereshef- 
sky's (1931) recent modification of the 
Eotvos equation has not yet been applied 
to associated liquids. Adam (1930, pp. 
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153-155) discusses the value of Eotvos* 
law and considers cases where it cannot be 
applied. 

Sutherland also suggests that the em¬ 
pirically well known properties of surface 
tension of aqueous solutions must be due 
largely to the difference between the sur¬ 
face layer and the body of the water and 
to the dissociation of some of the trihydrol 
by solutes. This was demonstrated later 
by Bousfield and Lowry (1910). Suther¬ 
land points out that the solubility of sub¬ 
stances in trihydrol may be different from 


lendar (1901) and H. T. Barnes (1901) in 
their studies of the variation in specific 
heat of water with temperature (Table 3), 
Callendar (1901) was quite critical 
Sutherland’s interpretation of the specific 
heat of water. Sutherland, assuming the 
usual rate of increase of specific heat of a 
liquid (0.1 per cent per degree), calculated 
the specific heat of pure dihydrol and of 
pure trihydrol to be 0.83 and 0.6, respec¬ 
tively, at o°C. He explained the remain¬ 
der of the specific heat of water as being 
due to the heat of dissociation of part of 


TABLE 2. 

Physical Constants of Water Polymers. (Sutherland, 1900 ) 


CONSTANT 

DIHYDROL 

TRIHYDROL 

Density p at o°C. 

I .08942. 
O.OOO9 

O OOOOl6 

0.88 

Temp, coeff. of density, k. 

0.0002. 

Compressibility per atmo. at o°C. 

0.000010? 

Surface tension at o°C. 

78.3 

368 c. 

0.8 

73-31- 
538 c. 

0.6 

Critical temperature. 

Specific heat at o°C. 

Latent heat of fusion. 

16 cal. 

Latent heat of evap. at ioo°C. 

2-57 

0.0030 

2.50 (near) 
0.0381 
0.00034 

Viscosity at o°C. 

Pressurc-coeff. of viscosity per atmo. 

- 



iHiO - (HsO), + 189 X i X 18 cal. 3^,0), - iCHsO)* + i 77 X 6 X 18 cal. 


Addenda: 

Rate of dissociation of one gram of trihydrol by pressure (grams per atmo.) at o°C., 0.00017; at ioo°C., 
0.0001 

Recession of temperature of maximum density with pressure « o.oi5°C. per atmo. (Amagat) 


that in dihydrol and that a re-examination 
of surface tension of solutions from this 
viewpoint would be of great interest. 
Finally, he proposes a following structural 
formula for trihydrol: 

H 2 

/x 

H, 0 === 0 H, 

The physical constants of Sutherland's 
polymers arc given in table i. 

SPECIFIC HEAT 

The existence of dissolved polymers in 
liquid water is briefly considered by Cal- 


the dissolved trihydrol and the heat of 
solution of the dihydrol thus formed. 
Callendar put forward the suggestion that 
the high specific heat of water may be due 
to "internal work done against molecular 
forces, and as being closely related to the 
degrease of latent heat of vaporization 
with rise of temperature." Further de¬ 
tails of this line of argument may be ob¬ 
tained from the original paper (pp. 146- 
148). Callendar, however, was the first 
to postulate the existence of steam mole¬ 
cules in liquid water, and since his time 
the ternary theory of the constitution of 
water has been widely accepted. Water, 














PROPERTIES OF WATER , 


197 


according to this theory, is composed of 
monohydrol, dihydrol, and trihydrol, and 
the ratio of these substances varies with 
the temperature. The amount of tri¬ 
hydrol decreases as the temperature is 
raised above the freezing point, and the 
amount of monohydrol decreases as the 
temperature is lowered from the boiling 
point. In this way Callendar explains 
the increase of specific heat as the freez¬ 
ing and boiling points are approached; 
this theory also accounts for the anoma¬ 
lous expansion. Recent papers by Cal¬ 
lendar (1919) deal with the properties of 

TABLE 3 

Variation of the Specific Heat of Water (selected values 
from the curve of H. T. Barnes , 1902 , p. 2/2) 
to Show the Minimum 


TEMP. 

SPECIFIC HEAT 

5 ° 

I.OO53O 

i 5 ° 

I .OOO3O 

N 

0 

O.99806 

35 ° 

o -99735 

45 ° 

0.99760 

55 ° 

0.99850 

70 ° 

1.00035 

» 5 ° 

1.00137 

95 ° 

1.00370 


steam at great pressures and at tempera¬ 
tures far above the biological range. 

The specific heat curve of H. T. Barnes 
(selected data in Table 3) shows a well 
marked minimum at 37.5°C. As we shall 
sec later, other properties of water such 
as solution volume with certain salts 
have a critical temperature at this point. 
A possibly significant coincidence which 
has not been pointed out previously is that 
this is a typical mammalian body tem¬ 
perature. A rise in specific heat with rise 
in temperature (similar to that which 
occurs in water above 37.5°C.) is a general 
phenomenon in normal liquids, but the 
rise in specific heat of water as the tem¬ 
perature is reduced below 37.5°C. is an 


abnormality which H. T. Barnes suggests 
might be due to the interesting possibil¬ 
ity “that water commences to anticipate 
the solid phase, even before o° is reached.** 

In the same paper H. T. Barnes gives an interesting 
quotation from Rowland’s (1879) CSLr ^y work on the 
specific heat of water. Rowland points out that the 
decrease of specific heat with rise of temperature is 
no more remarkable than the contraction to 4 0 and 
“in both cases the water hardly seems to have re¬ 
covered from freezing” (p. 131). This is, in all 
probability, the first suggestion which could be inter¬ 
preted as indicating the presence of trihydrol in 
water, although Rowland unfortunately is not clear 
concerning his identification of latent heat and specific 
heat. Henry (1905) points out that water is formed 
from two perfect gases, one H boiling at —153 0 and 
the other O at —184° which unite to form a liquid 
boiling at ioo° which indicates polymerization. 
According to Longinescu (1919), Henry was the first 
to propose the general theory of association in liquids. 

Hudson (1905) explained the constant temperature 
of freezing by assuming that the ice molecules have a 
definite solubility in water as well as a definite equilib¬ 
rium concentration varying with temperature. A 
second substance decreases the amount of ice mole¬ 
cules, making it necessary to cool the solution before 
equilibrium concentration reaches the saturation 
point of the ice molecules. 

SOLUTION VOLUME 

Bousficld and Lowry (1904) made a 
careful study of the solution volumes (de¬ 
fined below) of NaOH with special refer-} 
ence to the effect of solute upon the water 
polymers. Their data support the ternary 
theory of water, and this interpretation i£ 
further supported by later experiments on 
the solution volume of several important 
salts and other substances (Bousfield and 
Lowry, 1910). Although not many, these 
range from the slightly hydrated chloral 
hydrate through AgNO*, cane sugar, ace¬ 
tic acid, the physiologically important 
salts KC 1 , NaCl, and CaCl 2 , to the 
strongly hydrated LiCl. The actual solu¬ 
tion volumes of the physiological salts 
are much smaller than those of the organic 
compounds—only 0.14 to 0.33 cc./gm., 
but variations are much greater. The 
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curves for KC 1 and NaCl show a maximum 
solution volume at about 6o°C., which is 
most pronounced in dilute solutions. The 
solution volumes of KC 1 are larger than 
those of NaCl, the solution volume of a 
z per cent KC 1 solution being larger than 
that of 10 per cent NaCl. The curves for 
CaCls and LiCl are most abnormal and 
show maxima at $o° and 3S°C., and these 
are more pronounced in 40 per cent than 
in 10 per cent solutions. This work is of 
special interest in general physiology, for 
the dissolved substances in organisms un¬ 
doubtedly have a pronounced effect on the 
state of water in the tissues. Bancroft and 
Gould (1934) have recently explained the 
Hofmeister series of anions on the basis of 
the specific effect on water polymers. Al¬ 
so, the effect of salt on the water polymers 
determines in part the physical constants 
of sea water ( \e.g ., absence of maximum 
density). 

The method used by Bousfield and 
Lowry is essentially a comparison of the 
properties of water with those of a graded 
scries of aqueous solutions of which water 
may be considered as a limiting member. 
The initial experiments with NaOH re¬ 
vealed that water is the most complex of 
the series, and that as the concentration of 
solute is increased the behavior of the 
liquid becomes increasingly simple. Thus 
the maximum in the density-temperature 
curve of water disappeared on the addition 
of z per cent NaOH; from iz per cent up 
the relation is expressed by a simple para¬ 
bola, and at 42.. 3 per cent the relationship 
between density and temperature becomes 
strictly linear from o° to ioo°C. These 
curves showed further that the abnormal 
properties of water were not confined ta 
the vicinity of the freezing point. A 
second region of abnormality, not pre¬ 
viously recognized, appeared in the neigh¬ 
borhood of 6o°C., and developed with in¬ 
creasing magnitude as the boiling point 


was approached. This was due to the 
production of steam molecules of simpler 
composition than typical water molecules 
but which, like Rdntgcn's ice molecules, 
possessed a greater specific volume. In¬ 
crease of specific heat with temperature is 
a general phenomenon of normal liquids, 
and therefore previously observed increases 
in specific heat of water might have been 
explained by causes other than further 
dissociation, but the solution volume data 
of Bousfield and Lowry seem to be open to 
no other interpretation. These data are, 
however, easily explained on the basis of 
the ternary theory. 

Bousfield and Lowry believe that their 
evidence for the ternary theory is much 
safer than that obtained by earlier workers 
with other methods. The term “solution 
volume” indicates the increase in the 
volume of the liquid which takes place 
when 1 gram of the solute is dissolved in a 
given volume of the solvent. Thus 1 
gram of NaCl dissolved in 100 cc. of water 
increases the volume of the liquid to 100.2. 
cc., and the solution volume of the salt is 
0.2. cc. per gram. A normal solution 
volume is the real volume of the solute in 
the liquid state diminished by any contrac¬ 
tion which takes place on solution. Solu¬ 
tion volumes vary with temperature and 
with the concentration of solute, and 
under certain conditions may be zero or 
even negative. For instance, it is possible 
to dissolve 140 gms. of NaOH in a liter of 
water at o°C. or 100 gms. in a liter of 
water at ioo°C. without increasing the 
volume of the liquid. In a simple liquid 
the thermal expansion proceeds in such a 
way that the rate of increase in solution 
volume becomes progressively greater as 
the temperature rises, so that normal solu¬ 
tion volume-temperature curves should be 
of the same general character. A con¬ 
stant contraction (from the formation of 
hydrates) would affect only the position 
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and not the form of the curve. Therefore, 
the striking distortions actually observed 
must be attributed to variations other 
than the formation of hydrates. The 
simpler behavior of concentrated solutions 
indicates that the distortion of the solu¬ 
tion volume curves must be attributed to 
the changing character of the water rather 
than to alterations in the hydration of the 
solute. These distortions are easily ex¬ 
plained on the basis of the changing 
character of the water with temperature. 

The fact that a contraction in total 
volume usually accompanies dissolution of 
a salt capable of hydration shows that 
water combined as hydrate has a greater 
density than the same water before it was 
combined. Contraction would result 
from the conversion of the bulkier types 
of molecule (“ice" or “steam") into the 
more dense ones of the hydrate. The 
density of combined water may be taken 
as 1.1 (KC 1 ), which figure may be com¬ 
pared with 1.089 given by Sutherland for 
dihydrol. Contraction is maximum when 
the solvent is present in large excess, and 
variations in solution volume with tem¬ 
perature are largest in dilute solutions. 
If we compare solution volume curves of 
various solutes in the order of their 
affinity for water, the curves change from 
concave (chloral hydrate) to convex 
(acetic acid) and finally show a maximum 
(LiCl), and as the solutes have a greater 
and greater affinity for water, the maxi¬ 
mum of contraction shifts to lower and 
lower temperatures. The lowest given 
minimum temperature for the maximum 
contraction is that of LiCl at 35°C., and 
it is interesting to note that this is close 
to the minimum in the specific heat curve 
(37.5°C.). Any further lowering of the 
temperature of maximum contraction 
would be rendered impossible by the in¬ 
creasing proportion of ice molecules in the 
solvent. It is clear that the existence of a 
temperature of maximum contraction in¬ 


dicates a difference in the proportion of 
the bulkier ice or steam molecules. This 
firmly establishes the ternary theory of 
water. 


POLYMERIC ISOMERISM 


The interesting paper of Armstrong 
(1908) deals with the possible existence 
of isomeric water molecules of equal com¬ 
plexity but of different structure. Water 
itself is supposed to be a complex mixture 
of active and inactive molecules; the active 
molecules being cither simple monad-£y- 
drone (OH2) molecules or hydronc-hydronol 


(briefly, hydronol) molecules 



the inactive, the closed systems which are 
formed by association unaccompanied by 
distribution of two or more simple mole¬ 
cules such as 


Dihydrone 

H a O:OH a 


Trihydronc 
HjO-OH a 

v 

H a 


Tctrahydrone 


H a O — OH a 



The dissociative change 

(H,0) n ^±nH 2 0 


is of constant occurrence in water and is 
largely conditioned by the presence of 
dissolved substances. When a substance 
such as HC 1 dissolves in water the follow¬ 
ing complexes are produced 



of which the first two are the only effec¬ 
tive forms, the last being inactive as long 
as it remains closed. Through the agency 
of hydrol dissolved molecules may be 
converted into inactive isomerides: 


RX<^ + \xR RXXR + xOHj 
X)H HCK 
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On dilution there is an increase in the 
number of effective composite molecules, 
ascribable to the diminution in the activity 
of the solvent water which is most active 
when present in small amounts (as it is then 
present in the monadic form or in associa¬ 
tion as hydrol). Thus we would expect 
to find molecules of the active type 
OH 

HC 1 <^ in weaker solutions for in these 
X H 

the monads of hydronol are scarce and 
the solvent has less tendency to withdraw 
hydrol from the complex. Conductivity 
in concentrated solutions is conditioned 


mainly by the hydrolyzed solute H2O 



but in weak solutions by hydrolated solute 


/H 


HCl<f . Since hydrolysis takes place 
X OH 

more readily in the more concentrated 
solution, it is supposed to be conditioned 


by molecules of the hydrone type H2O 


not by the isomeric hydrolated complexes. 
When discussing the behavior of non- 
electrolytes on a later page (p. 88) Arm¬ 
strong mentions that pressure diminishes 
the rate at which cane sugar is hydrolyzed 
and the degree of hydrolation and hy¬ 
dronation of sugar is diminished by an 
increase of hydrol and hydrone resulting 
from pressure dissociation. The original 
paper must be consulted, for it is obscure 
on several points, but we have given 
enough of Armstrong’s argument to illus¬ 
trate the possibility that the “trihydrol 
effect’* in biology may be traced to the 
distribution of the water ions in the mole¬ 
cules in protoplasm rather than to a direct 
effect of the water polymers. 

A word must be said concerning Arm¬ 
strong’s treatment of surface effects which, 


of course, are of peculiar importance in 
general physiology. Brownian move¬ 
ment effects, the evolution of heat on 
moistening powders, the decoloration of 
solutions by charcoal, the flocculation of 
colloids by salts, and the “dead space” of 
Liebreich are discussed from the stand¬ 
point that all surfaces in contact with 
water are hydrolated and in virtue of this 
condition they influence hydrolated mole¬ 
cules in the liquid, withdrawing elements 
of hydrol from them. Thus in Liebreich's 
phenomenon the dehydrolation of mole¬ 
cules near the surface of the tube (in 4 ‘dead 
space”) explains the greater activity to¬ 
ward the axis. But it is impossible to 
accept Armstrong’s statement (p. 95) that 
“the phenomena of surface tension may be 
attributed to the preponderance of monads 
in the surface layer of a liquid,” for we 
have seen that the trihydrol molecules of 
small density collect at the surface. 
Armstrong has previously stated that the 
monads are quite dense since they arc con¬ 
centrated by pressure, which is inconsist¬ 
ent with his view of surface films. Bous- 
field and Lowry’s work later indicated 
that the water monads have less density 
than dihydrol. It is unfortunate also 
that Sutherland’s calculation that water 
film is pure trihydrol is based entirely on 
the binary theory. One of us (T. C. B.) 
is at present investigating the appearance 
of algae on the surface of ice water and 
steam water, and it is found that Ulothrix 
on the surface film docs not show the 
polymer effect seen in Spirogyra below the 
surface. 


DEGREE OF ASSOCIATION 

Guyc, in the Symposium of the Faraday 
Society (1910), summarizes his work on the 
association of water and of other com¬ 
pounds. He asserts that molecular poly¬ 
merization in the liquid state depends 
essentially upon chemical constitution and 
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that this fact is exemplified by association 
in the homologous series of aliphatic 
acids and alcohols. There are certain 
groups capable of polymerization (OH, 
CO, CN, NH a , NOH, CONH s ), and sub¬ 
stances with two polymerizable groups 


that this might lead to the formation of 
highly complex and stable polyhydrols. 

In connection with Guye's discussion 
of groups capable of association it is of 
interest to note that Bingham and Spooner 
(1931) have recently listed polar groups 


TABLE 4 

The Association Factor of Water, x in According to Various Authors 

Raoult (1885), * ™ 1 - 


Vernon (1891), typical water, x *» 1; aggregate at 4°C., x » 4. 


van Laar C 1 899)1 


Sutherland (1900), steam, x = 1; water, x 1 and 3. 


Dudaux (1911). 


TEMP. 

PROM COEFFICIENT OF 

FROM COMPRESSIBILITY AND 

FROM EXPANSION AND 

EXPANSION 

TEMPERATURE 

SPECIFIC HEAT 

Apparently at o°C. 

x » 9~ix 

x *= 6-13 

X = IL 


Guye (1910). 


TEMP. 

FROM COHESION FORMULA 

OF DUTOIT 

SURFACE TENSION (RAMSEY 
AND SHIELDS) 

SURFACE TENSION (RAMSEY 
AND INNES) 

o°C. 

X “ 1.51 

x » 3.81 

x =® i.71 

6o° 

1.18 

3.00 

I. 5 L 

IOO° 

1.90 

2.. 66 

I.40 

12.0° 

1.85 

2-47 

i -35 


Tammann (192.6), highest polymer in water, x » 9 or 6. 


Pennycuick (1918), x ** 6. 


Stewart (1931), aggregate may contain hundreds of molecules. 


Kinsey and Sponslcr (1933), x ■» a. 


Bernal and Fowler (1933), water structure based on a 4-conditioned aggregate, x = 5. 


Bingham and Stevens (1934). 

Ordinary water, x — 1.5. Heavy water, x ** 1.34. 


are as a general rule more highly poly- which accentuate association notably, 
merized than those with only one such OH, COO, NH a , CO, Cl and SH. 
group. This leads to the highly interest- Guye regards the association factor 
ing suggestion that dihydrol is more apt derived from the relation of molecular 
to polymerize than hydrol, and under cer- weight and surface tension as only approx- 
tain conditions it is possible to imagine imate, and for calculation of the molecu- 
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lar weight of water he uses the formula of 
Dutoit and Mojoiu for liquids of mean 
volatility: 

„ 0.6 T (4.8 — log F) 

- -S-* 

where a is the specific cohesion (defined 
a s a = hr, b being the height to which a 
liquid ascends in a tube of radius r, pro¬ 
vided that the height h does not exceed 
1,500 mm.). This formula gives a some¬ 
what lower association factor (Table 4) 
than that derived from Eotvos* equation 
(vide supra). Guye concludes, however, 
that the coefficients from Dutoit’s formula 
agree with the view that water at o°C. 
is composed mostly of trihydrol and at 
the boiling point mostly of dihydrol. In 
considering these association factors (Ta¬ 
ble 4) it should be remembered that the 
factor for the highest polymer will be 
higher than the average factor indicated. 

Roscnstichl (1911), who studied the polymeriza¬ 
tion of water of crystallization, states that trihydrol 
is the commonest form of water in crystals containing 
large amounts of water and at low temperatures 
tohen the crystals separate out it is the most stable 
form of water. If this view were correct, one should 
expect that the molecular structure of trihydrol could 
be demonstrated by x-ray analysis. However, Chad- 
well (192.7) points out that x-ray analyses of water 
of crystallization do not support Rosenstiehl’s theory. 
Pennycuick (19x8) believes the water of crystalliza¬ 
tion in a number of salts to exist as hexahydrol rings, 
and this is in agreement with his view that 
the polymer in liquid water is also (HiO)e. 

The most outstanding paper on the 
degree of association of water is undoubt¬ 
edly that of Duclaux (1911) who, using 
new methods, calculated association fac¬ 
tors much higher chan 3 (Table 4), the 
factor assumed for trihydrol. He pointed 
out that on account of the lower density 
of dissolved ice, the proportions of the 
polymers should vary with the depth of 
water in a vertical tube. Furthermore, as 
a result of pressure differences the concen¬ 


tration of liquid ice will be lower toward 
the bottom of the tube, and it will be 
related to the internal pressure of the 
liquid by the equation 

--4.5 x 10-* MdP 

e 

where M is the molecular weight of the 
dissolved ice, C its concentration, and P 
the pressure (T = o°C.). 

Duclaux also points out that the molec¬ 
ular weight of a substance may be calcu¬ 
lated from its coefficient of expansion, a. 
The equation is as follows: 


°' 97 <* 

a + 68 X io” 6 


— i — 0.000785M 


The coefficient of expansion of hydrol is 
unknown, but by assigning the probable 
limits 0.0004 an d 0.0006, Duclaux calcu¬ 
lates a molecular weight for dissolved ice 
of 164 or 118 depending upon the value of 
the coefficient used. These values yield 
the formulae (H 2 0 ) 9 and (H 2 0 ) 12 , with 
molecular weights of 161 and 2.16, re¬ 
spectively. 

As calculated from an equation relating 
the compressibility of water to tempera¬ 
ture the molecular weight of dissolved ice 
lies between the limits izo and 410, (sug¬ 
gesting (H 2 0 ) 6 and (H^)^) and depends 
upon the values assigned to the compressi¬ 
bility coefficient of hydrol. The value 
(H 2 0 ) 28 is one of the highest ever proposed 
for associated water. However, the 
groups of water molecules postulated by 
Stewart (1931) may contain hundreds. 

By combining the expansion formula 
with specific heat data Duclaux developed 
a third method of calculation on the 
assumption that the specific heat of ice is 
0.6 and that it increases slowly with tem¬ 
perature. This treatment assigns to dis¬ 
solved ice the formula (H 2 0 )i 2 . In all 
of the above cases, Duclaux admits he 
assumed that the density of ice does not 
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change on solution, and that (as Suther¬ 
land reasoned by analogy) a change prob¬ 
ably does take place. Therefore, the ex¬ 
act figures of Duclaux are only of doubtful 
validity, but it is interesting to note that 
all of his values indicate that liquid ice is 
a much more complex molecule than tri- 
hydrol. 

The degree of association of water has also been 
calculated from the depression of the freezing point 
when a solute of known molecular weight is intro¬ 
duced. In this method it is assumed that the solute 
is non-associated in solution, that no molecular 
complexes are formed by the solute and the solvent, 
and that the association of the solvent is not changed 
by introduction of the solute. The association con¬ 
stants calculated in this manner vary with the solute 
and are, in general, lower than those found by other 
methods. Friend (1933) gives association factors of 
water found by introducing various substances as 
follows (from Oddo): phenol, 1.18; p-toluidinc, 2..00; 
chloracetic acid, i.4o;cyamide, 1.64; acetic acid, 1.73. 
If these constants were accurate, there would be a 
large amount of monohydrol in water at o°C. How¬ 
ever, other considerations indicate that these values 
are too low, and the value generally assumed is con¬ 
siderably higher. For example, the equation of 
Walden (see Friend, 1933) indicates that phenol, 
assumed to be non-associated in this calculation, is 
associated to a considerable degree. 

MAGNETIZATION OF WATER 

It seems unnecessary to mention all of 
the numerous papers dealing with the 
association of water written since the 
Symposium of the Faraday Society in 1910; 
only those which bring forward points of 
special interest, such as those of Duclaux, 
will be mentioned. Piccard (1911) was 
one of the first to follow changes in the 
magnetization coefficient of water with 
temperature. These changes he explained 
by assuming that water at ordinary tem¬ 
peratures is a mixture of two substances. 

The diamagnetism of water at different 
temperatures has received very careful 
study recently by Wills and Boeker (1931) 
who used a specially devised manometric 
balance of great sensitivity. Piccard had 


found that the specific susceptibility of 
water increases with temperature, while 
the results of others indicate exactly the 
reverse. It is probable that these dis¬ 
crepancies are due in part to the thermal 
history of the water samples investigated. 
Wills and Boeker give two curves, one of 
which, obtained from water which had 
stood for several days in contact with 
helium gas, is a true equilibrium curve, 
indicating an increase of susceptibility 
with temperature. The other curve, in¬ 
dicating a decrease in susceptibility with 
rising temperature, was obtained from 
water which had been boiled vigorously 
for fifteen minutes immediately before the 
experiments. The authors state that the 
difference between the curves cannot be 
ascribed to errors of observation or to 
peculiarities of the apparatus, but might 
be explained “on the assumption that 
polymerization changes in water produced 
by variation in temperature required for 
their completion a considerable time.” 
If this hypothesis is true, it affords valu¬ 
able support to our assumption that water 
from steam and from ice possess different 
degrees of polymerization for a limited 
time. Certainly if the mere thermal 
history influences the degree of polymer¬ 
ization, an actual change of state, from 
vapor on the one hand and ice on the 
other, should have even more pronounced 
influence on the resulting water. As will 
be shown later (H. T. Barnes, 1919) the 
ice-forming power of water at low tem¬ 
peratures indicates a considerable lag in 
the association equilibrium. In a more 
recent paper Boeker (1933) has repeated 
these experiments, using several non- 
associated liquids. In none of the experi¬ 
ments with non-associated liquids did he 
obtain a hysteresis effect which might be 
due to the thermal history of the liquid. 
This strongly supports the theory that the 
equilibrium ratio of the water polymers is 
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not reached instantaneously, and it shows 
that the hysteresis effect is not due to a 
defect in the apparatus used. On the 
other hand a hysteresis effect is not de¬ 
scribed by Cabrera and Fahlcnbrach (1933) 
in their paper on the variation of the 
diamagnetic constant of water with tem¬ 
perature. The work of Wills and Bocker 
helps to explain Hcgarty and Rahn’s 
(1934) discovery that recently condensed 
water retards bacterial growth. 

PRESSURE AND COMPRESSIBILITY STUDIES 

The important studies of Bridgman from 
1911 onwards on various modifications of 
ice under pressure have been succinctly 
summarized by Honigmann (1931). As 
Honigmann points out, the melting curves 
of the special varieties of ice, other than 
Ice I, do not, on the basis of the Tammann 
interpretation, necessarily involve great 
changes in molecular complexity. Bridg¬ 
man’s work indicates that — n°C. is the 
minimum freezing point of water under 
any equilibrium conditions, but Gortncr 
C I 93°) reports the presence of liquid bound 
water in colloids and tissues far below this 
critical temperature (explained by the 
capillarity conditions). 

Bridgman showed that at 1500 atmos¬ 
pheres pressure the density-temperature 
curve of water has no maximum, but is a 
straight line, as for normal liquids at at¬ 
mospheric pressure. This is ascribed to the 
destruction of the polymers at very high 
pressures. H. T. Barnes (1918, p. x6) 
states that the temperature of maximum 
density recedes towards zero at a rate of 
o.ox5°C. per atmosphere. This lack of a 
maximum density is comparable to that 
obtained with concentrated salt solutions 
(Bousfield and Lowry, citations above). 
In this connection it might be mentioned 
that sea water showsno maximum density, 
and it would be very interesting to re¬ 
examine other properties of sea water in 


view of the influence of salts on the degree 
of polymerization. In this connection it 
is deplorable to note that oceanographers 
ignore the polymerization factor in sea 
water. 

It is known that as pressure is increased 
the minimum of compressibility of water 
at 5o°C. is not shifted toward lower tem¬ 
peratures but is wiped out where it stands 
at 5o°C. This is not consistent with the 
binary theory of Rdntgcn and Sutherland, 
but is consistent with the ternary theory 
of Callcndar and Bousfield and Lowry. 
This theory assumes that above 50°C. 
monohydrol (possessing, like trihydrol, a 
greater bulk than dihydrol) becomes im¬ 
portant in concentration. 

The ternary theory received further 
support in the careful compressibility 
measurements on solutions of urethane 
made by Richards and Palitzsch (1919) by 
means of a glass piezometer. Urethane is 
very soluble and does not dissociate or 
associate, and is therefore an ideal sub¬ 
stance for this work. It is well known 
that all aqueous solutions show a marked 
diminution in compressibility with in¬ 
creasing concentration, even when the 
dissolved substance is more compressible 
than pure water. In spite of the fact that 
alcohol has twice the compressibility of 
water, the addition of less than 2.0 per cent 
alcohol to water at room temperature 
diminishes the compressibility of the 
solution. This is probably caused by the 
destruction of the more compressible tri¬ 
hydrol molecules by the alcohol (as van 
Laar (1899) suggested, but cf. Bancroft 
and Gould (1934)). 

The compressibilities of urethane solu¬ 
tions were measured at constant tempera¬ 
ture (io°C.) over a pressure range of 100 
to 300 megabars. With increasing con¬ 
centrations of urethane the compressibility 
decreased rapidly from 43.15 X io~ 8 (the 
compressibility of pure water) to 38.91 
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X io~ 6 at 34 grams per 100 grams of 
water. From this point the compressi¬ 
bility increased at first slowly and then 
more rapidly; at the highest concentration 
measured (12.7.3 grams per 100 grams of 
water) the compressibility was 40.80 X 
io~ 8 . The conclusion is that the effect of 
dissolving anything in water is to dissoci¬ 
ate part of the trihydrol present, thus 
diminishing the compressibility. The rise 
in the compressibility of urethane solu¬ 
tions with increasing concentration above 
34 grams per 100 cc. can be ascribed to the 
increasing concentration of monohydrol. 

Measurements of solution volume also 
indicated that urethane causes the break¬ 
ing down of trihydrol into dihydrol, and 
this effect diminishes as the concentration 
of trihydrol is decreased. The surface 
tension shows a very marked falling off for 
low concentrations, but in 40 per cent 
solutions (from which the trihydrol has 
been eliminated) the surface tension de¬ 
creases far less rapidly. The viscosity 
rises rapidly with concentration, showing 
that the viscous urethane more than com¬ 
pensates for the diminished amount of 
trihydrol. In brief, the results of Rich¬ 
ards and Palitzsch are precisely what one 
would expect if water contained an 
appreciable amount of trihydrol in dilute 
solutions and an appreciable amount of 
monohydrol in concentrated solutions (as 
Armstrong maintained), dihydrol being 
present under all conditions. This work 
was extended to aqueous solutions of 
urethane, ether, alcohol, and methyl acetate 
by Richards and Chadwell (192.5)* On the 
basis of solution volumes they obtained 
percentages for polyhydrol in water which 
agree rather closely with those of Whiting 
and Sutherland, but which were somewhat 
lower than those of van Laar (1899). 
Moreover, this interpretation is supported 
by the recent paper of Frcycr (1931) on the 
physical properties of liquids as revealed 


by compressibility and the velocity of 
sound in solutions of alkali halides. 

Frcycr considers the possibility that 
the presence of ions may change the condi¬ 
tion of aggregation of the water molecules, 
may shift the trihydrol-dihydrol- 
monohydrol equilibria. He suggests that 
any effect of this kind would actually be 
brought about as a result of hydration. 
For a given concentration those solutions 
with the most highly hydrated solutes 
will have a lower compressibility, and the 
contraction of water is inversely propor¬ 
tional to the mean radii of the ions pro¬ 
ducing it. This, of course, follows from 
the greater intensity of the electric field 
about the ions of low atomic weight and 
small radii, which results in a greater 
attraction of the water dipoles for the 
ions—the so-called electroconstriction . It is 
known that a decrease in compressibility 
is accompanied by an increase in the 
velocity of sound through water and that 
an increase in density accompanies a de¬ 
crease in velocity. In the case of the most 
important salt, NaCl, the compressibility 
greatly predominates, and the velocity of 
sound through NaCl solutions increases 
rapidly with concentration. This pre¬ 
dominance decreases in the following 
order: 

NaCl > KC 1 > NaBr > KBr 

It would be of interest to reconsider the 
velocity of sound in sea water and body 
fluids on this basis. 

ACTIVITY IN RELATION TO HYDROGEN IONS 

The chemical activity of water is con¬ 
sidered at some length by Rice (1913), al¬ 
though not in connection with the prob¬ 
lem of polymerization. Rice points out 
that stoichiomctrically neutral water may 
not be neutral catalytically. Water is 
considered neutral when the total hydro¬ 
gen and hydroxyl ion concentration are 
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equal and since the unhydrated ions are 
present in very minute amounts the concen¬ 
tration of hydrated ions will be equal at 
this point. But the concentration of un¬ 
hydrated ions will not be equal for the 
affinity of H+ for water is greater than the 
affinity of the OH ion; thus a stoichio- 
metrically neutral solution will be ‘'alka¬ 
line" catalytically, for the unhydrated H 
ion is assumed to be the active form. 
Making the solution acid stoichiometri- 
cally (pH 5) makes the concentration of the 
two unhydrated ions equal and the solu¬ 
tion will have a minimum catalytic activity 
at pH 5. That the unhydrated H ion is 
the active catalyst (as first proposed by 
Lapworth) is suggested by the fact that 
H ion in some instances catalyses faster in 
alcohol than in water and by the stability 
of acetates between pH 4.7 and 5.1, etc. 
Rice points out that although many H ion 
catalyzed reactions have a value of ap¬ 
proximately 10,000 calorics for the quan¬ 
tity Q in the Arrhenins equation, we can¬ 
not calculate the change in concentration 
of the unhydrated H ion with temperature 
fof we do not know the concentration of 
simple water molecules present nor the 
number of water molecules combined with 
the hydrated H ion. Further investiga¬ 
tion is needed to show whether the degree 
of polymerization of water will effect the 
concentration of the active unhydrated H 
ions. Moreover, the unhydrated H ion 
may be an abstraction, for according to 
Lowry (1930, p. 964), the H ion is un¬ 
known except as an internal parasite in a 
water molecule. The free H ion is a 
naked proton and has only a transient 
existence as a. positive ray in a vacuum 
tube. The usual equation HC 1 H: Cl 
should represent a transference of a para¬ 
site from one host to the other. 


C 1 H 

+ 

1 

HOH 

- 

— 

a 

+ 

H 

HOH 


Moreover, as Prof. H. S. Harned has in¬ 
formed us, the reaction H+ + H *0 =* 
HaO+ has a free energy of —300,000 calo¬ 
ries (approx.), and therefore, the concen¬ 
tration of free proton would be too small 
to be catalytically significant. 

Gortner, Hoffman, and Sinclair (1918) consider 
the possibility that one should not ignore the denom¬ 
inator, as is usually done, in the equation for the 
dissociation of water into H and OH ions, for they 
suggest that possibly only monohydrol dissociates, 
and of course, its concentration is relatively small 
at biological temperatures. The equation they 
suggest is 

(H^n ^ (H£ 0 , (H*0) 2 — H 2 0 H + + OH~ 

If only a small amount of monohydrol is present, 
there might be an appreciable change in its concen¬ 
tration due to dissociation, in which case the con¬ 
centration of H *0 could not be disregarded as negli¬ 
gible in calculations of K w . However, they consider 
that there is no means of determining the relative 
proportions of water molecules in their different 
degrees of polymerization. It is probable that the 
pH change of pure water with temperature is condi¬ 
tioned by the temperature shift in the polymer ratio. 

Pcnnycuick (192.8) states that the ions 
of water can not be dissociated from the 
contiguous water molecules which 
brought them into existence, or in other 
words that these ions are always hydrated. 
In the same way the hydrogen ions of acid 
solutions are always directly associated 
with the surrounding water molecules. 
A hydrogen ion would be more correctly 
written as [H(OH)H(OH)H]+ and a hy¬ 
droxyl ion as [(OH)H(OH)H(OH)]~ 
where the ionic groups are continually in¬ 
creasing or decreasing the amount of water 
with which they are associated. Now, in 
these hydrated ions it is impossible to say 
which of the removable hydrogen nuclei 
(four in the above formula) or which of 
the removable hydroxyl radicals (two in 
the above formula) represents the hydro¬ 
gen or hydroxyl ion. We must assume the 
whole hydrate to carry the positive or 
negative charge. It will be noticed that 
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while other ions, such as Na+ or Ca** (un¬ 
doubtedly hydrated), have an individual 
existence in aqueous systems, the hydrogen 
and hydroxyl ions in such systems do not 
exist as unchanging individuals, but, 
owing to the nature of the solvent, the 
particular nucleus which may be arbi¬ 
trarily taken as representing a hydrogen 
ion at any one instant may exist at another 
as part of k water molecule, the liberated 
hydrogen nucleus becoming the hydrogen 
ion. Perhaps we have here the most 
common example of tautomeric hydrogen. 
The catalytic effect of the hydrogen ion 
on hydrolyses in general is probably inti¬ 
mately connected with this tautomeric 
change; for a water molecule undergoing 
such a change would be in a peculiarly un¬ 
stable (loosened) condition, and as such 
would be particularly open to internal 
rupture. 

This unique position of the H ion in 
water led Bernal and Fowler (1933) to 
propose a new theory df the structure of 
water (sec below). They recognize that 
the H ion is not a naked proton but must 
be firmly attached to at least one water 
molecule as (OH 3 )+, the oxonium ion, in 
which the extra proton is attached near 
one of the two vacant tetrahedral posi¬ 
tions among the electron orbits, the whole 
structure being similar to the ammonia 
molecule, NH*. According to quantum 
mechanics an (OHa) 4- ion in sufficiently 
close contact with a water molecule 
(OH 2 ) need not retain its extra proton but 
can transfer it to the other molecule. 
Thus the proton jumps (in the sense of 
Hiickel) to and fro from one to the other 
when the configuration of the two mole¬ 
cules is favorable and this leads to a large 
extra drift down the field (the unexplained 
mobility of the H ion). Apparently Lati¬ 
mer and Rodebush (19x0, p. 1431) were 
the first to suggest this explanation. 


INFRA-RED ABSORPTION 

Mention must be made of the infra-red 
absorption of ice described by Plylcr 
(1914). In this study plane polarized 
light was allowed to fall upon the ice 
crystal, and the percentage transmission 
was determined. Plylcr found that it was 
impossible to obtain clear ice by freezing 
distilled water between glass plates, but 
very clear pieces of ice were obtained by 
cutting sections out of a block of artificial 
commercial ice. It was necessary in this 
work to use single crystals, because the 
spectral transmission is less when the 
absorbing direction is parallel than when 
it is perpendicular to the direction of the 
light. Large crystals were obtained by 
keeping commercial ice slightly below the 
freezing point for two months. This 
crystal growth has not been explained but 
Altbcrg and Troschin (1931) have found 
single crystals half a meter in size in moun¬ 
tain caverns. The location of the absorp¬ 
tion bands for ice (for the extraordinary 
ray) were 0.81, 0.92., 1.06, 1.2.9** and for 
water at o°C., 0.74, 0.84, 0.98, i.ii**. 
Plyler shows that the values for water 
vapor, water at ioo°C. and o°C., and ice 
give a smooth curve when plotted against 
Sutherland’s estimated percentages of tri- 
hydrol at these temperatures. The in¬ 
creasing concentration of trihydrol shifts 
the bands toward the longer wave lengths. 

Collins (1915) made a special study of 
changes in the infra-red absorption spec¬ 
trum of liquid water between o°C. and 
95°C. (Table 5). As the temperature 
was increased he found a shift toward 
shorter wave lengths and a marked in¬ 
crease in the magnitude of maximum 
absorption for bands at 0.77, 0.98, and 
i.ii**. Collins explains these changes 
qualitatively on the hypothesis that water 
is a mixture of at least two kinds of mole¬ 
cules whose relative amounts change with 
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temperature. Neglecting the effect of the 
hydrol (a questionable procedure) he sug¬ 
gests that the bands in the spectrum of di¬ 
hydrol have slightly shorter wave lengths 
than those of trihydrol. A comparison 
of the spectra of water vapor, water, and 
ice indicates that the bands of dihydrol 
near 1.45 and 1.96/i are not so intensive as 
corresponding bands of trihydrol. The 
intensity of these bands increases with 
increasing complexity of the molecule, 
while in bands at shorter wave lengths 
the reverse is true. Splitting of trihydrol 
into ij molecules of dihydrol might ex¬ 
plain the increase in the active absorption 
bands of dihydrol. Plylcr and Craven 
(1934) announce new bands at 3.30/z, 
5.56/iand 5.83/1. They consider that the 
bands arc made up of two or more com¬ 
ponents which vary in intensity with 


DEVELOPMENTS IN THE THEORY OF WATER 
STRUCTURE, I9L&-I9L9 

Tammann (1916) considered the molec¬ 
ular complexity of water in detail based 
on the presence of a type of molecule of 
large volume and possessing the reticular 
structure of Ice I. He had previously 
(Tammann, 1910) suggested that ice 
exists in several forms which fall into two 
groups: (a) lighter than liquid water and 
(b) heavier than liquid water. Ice be¬ 
longing to the first group separates only 
from water rich in polymolcculcs while 
ice of the second group separates only 
from water containing an abundance of 
simple molecules. In the later paper (1916) 
he calculates the proportions of Ice I in 
liquid water (cf. Table 1). On the as¬ 
sumption that molecules of the four kinds 


TABLE 5 

Location of Maximum Infrared Absorption Bands in Liquid Water ( Collins , igsj) 

1.96^ 

i. 94 /i 


At o°C. 

•775 


.985 

1.ii 

I *45 

At 95°. 

•74 

.845 

•97 

1.17 

i -43 


temperature. Ellis and Sorgc (1934) re¬ 
port that water samples from condensed 
steam and fresh ice have similar infra-red 
bands. However, ice (almost 100 per 
cent trihydrol) and water (37 per cent 
trihydrol) have similar bands with differ¬ 
ences in the second decimal place only, so 
that a 10 per cent polymer difference 
would not be clearly indicated by their 
method. Other physical tests, on the 
contrary, demonstrate differences in ice 
and steam water (sec below) (T. C. 
Barnes, 1934b). 

Ellis (1931) finds infra-red absorption 
bands in the liquid and solid states which 
are absent .in the vapor and his results 
support the theory of Kinsey and Spons- 
lcr (1933) that the units H 8 O a and H arc 
present in liquid water linked in groups or 
a lattice-work. 


of ice arc present in water there arc four 
types of water molecules polymerized or 
isomeric with each other, but the mole¬ 
cules resembling Ice I arc the only ones 
that can be clearly recognized. At high 
temperatures and low pressures water 
probably contains molecules of (H 2 0 ) 2 
which were recognized by Nernst. The 
determination of the concentrations of 
molecules of type 1 permits the thermo¬ 
dynamical calculation on their molecular 
weights—(H 2 0 ) 9 in case these molecules 
dissociate into 9H2O, and (H 2 0 )e in case 
they dissociate into i(H 2 0 ) 8 . His con¬ 
sideration of the temperature-volume 
curve of water is similar to Sutherland’s, 
but Sutherland’s paper came to his atten¬ 
tion after his own calculations had been 
made. 
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Baker (1917) reports some interesting experiments 
on molecular association, showing that association 
like dissociation of molecules takes place much more 
slowly for liquids than for gases. In liquids the 
equilibrium can be easily disturbed by even a slight 
change in temperature and the return to normal 
conditions takes a long time, sometimes even months. 
The presence of a catalyst like charcoal increases this 
lag in the equilibrium. Thus a water sample having 
a vapor pressure of 2..5 mm. was heated for 48 hours 
at 8o°, and a day later its vapor pressure was 4.3 mm. 
West and Menzies (1919) find a slight change in the 
vapor pressure of water after thermal treatment even 
in the absence of a catalyst but Wright and Menzies 
(1930) do not observe this effect in acetic acid. The 
vapor pressure, however, is not always a significant 
indicator of polymerization but might show a differ¬ 
ence in monohydrol (see below). 

A new method of separating polymers in liquids 
has been proposed by Berkeley (1917) who believes 
that the separation of constituents of a liquid might 
take place in a centrifuge tube rotated at a high 
velocity. Isotopes might also be segregated by this 
method. It would be of great interest if separation 
of water polymers could be partially effected in this 
way although Longinescu (192.9) points out that 
Svcdbcrg’s ultra-centrifuge (42.,000 X gravity) will 
not separate molecules unless the difference in molec¬ 
ular weight is some ten thousand fold. Perhaps 
the new centrifuges of Svcdbcrg (1934) and Beams, 
Pickels and Wood (1934) will ultimately develop 
fields of sufficient magnitude. 

H. T. Barnes (1916) discusses colloidal 
forms of water in Alexander’s Colloid 
Chemistry . We have already seen that ice 
molecules in water influence the shape of 
the density, specific heat, and viscosity 
curves with temperature. He points out 
that the beginning of the true colloidal 
form of water is the formation of trihydrol 
from dihydrol at temperatures below 6o°C. 
The final ice molecule, trihydrol, is devoid 
of all crystal form above o°C. and remains 
invisible until the freezing point is 
reached. At this temperature it becomes 
sufficiently concentrated and the molecu¬ 
lar groups become of sufficient size with 
relation to the remaining dihydrol mole¬ 
cules to affect light reflected from the 
depths of the water, thereby producing a 
very delicate change of hue. Also the 


vivid color of iceberg ice and of water 
from glaciers is caused by the molecular 
structure. Since the freezing process elim¬ 
inates all foreign matter from clear ice 
this scattering of light cannot be due to 
dust particles. H. T. Barnes also states 
that freshly formed ice is in the nature of 
a great clot which undergoes structural 
alterations. The structure of ice depends 
upon its rate of formation; ice formed 
slowly by natural means is composed of 
large crystals, but ice formed rapidly from 
slightly super-cooled water is composed 
of fine crystals. The best biological re¬ 
sults arc obtained with large crystal ice. 

It is interesting to note that the mois¬ 
ture content of organic liquids results in 
the appearance of colloidal particles (col¬ 
loidal water and ice in cooled chloroform); 
but as H. T. Barnes points out we arc 
only on the threshold of our knowledge 
of the action of collodial water and ” the 
influence of these liquid aggregates on chemical 
action has been completely overlooked in the 
past but may be the real seat of the chemical 
activity of water .*’ In H. T. Barnes’ book 
Ice Engineering (1918), half of which is 
devoted to the pure physics of ice and 
water, the following important statement 
occurs: "It is highly probable that per¬ 
fectly pure dihydrol would be chemically 
inert, .... if we could find a way to de¬ 
stroy trihydrol molecules in water that 
fluid would no longer be useful to living 
organisms nor could it ever freeze.** 

This theory that the activity of water 
is due to the trihydrol is supported by the 
effect of ice water on Spirogyra and Euglena. 
As has been discussed above, Armstrong 
takes the opposite view, that the water 
monads arc more active, but according to 
Armstrong their activity may express it¬ 
self in the dehydrolating and consequent in¬ 
activating of dissolved molecules of other 
substances, which is not incompatible 
with the hypothesis that water poor in 
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trihydrol but rich in monohydrol would 
not be as active as ice water and this 
might explain the discovery of Hegarty 
and Rahn (1934) that recently condensed 
water retards the growth of bacteria. It 
is probable that the effect of water poly¬ 
mers will be largely conditioned by the 
type of chemical reaction influenced and 
the nature of the solute molecules. 

Pennycuick (1918) states that the stable poly* 
hydrol of water is not di- or tri- but is hexahydrol. 
The water molecule is tetrahedral in structure and 
has a strong tendency to form chains of varying 
length. Due to the angles of the tetrahedron, a six 
membered chain may become closed. Such a ring 
bears a strong resemblance to the inactive benzene 
ring, and it would be much more stable than any of 
the lower polymers. One might consider water 
to be a mixture of relatively stable hexahydrol rings 
and of lower unstable polymers of continually chang¬ 
ing size. He states that "the unique properties of 
water—high dielectric constant, the solvent activity, 
remarkable and general catalytic activity, and even 
the physiological importance must finally be traced 
to the structure of the individual molecule itself— 
in most respects unique." He points out that the 
molecule is polar, i.e., unsymmctrical and a tetra¬ 
hedron where the electrons are in pairs at the corners 
(f ig. 3), due to the tetrahedral structure of the satu¬ 
rated oxygen atom. Hence water can attach itself 
to other molecules either through its own negative 
pairs or through its own positive hydrogen nuclei, 
which accounts for the positive and negative affinity 
of the water molecule. The various properties of 
water can be explained on the assumption that the 
molecules are held together solely through the attrac¬ 
tions between the H nuclei and the O lone electron 
pairs. Thus polar chains are formed. 

+ HOHOHOHOHOHO - 
H H H H H H 

which may close into the benzene ring structure 
H 

H H°H H 

o o 

H H 

H°H 0 H°H 
H 

in harmony with the hexagonal structure of ice. 

Pennycuick regards association in the liquid state 
as a "perfectly general" phenomenon and considers 


that the equation of state of van der Waals can be 
deduced equally well by substituting the idea of 
molecular association for the conception of internal 
pressure. He cannot accept the view that water is 
a mixture of mono-, di- and tri-hydrol, each having 
a statistical average existence because such a liquid 
would behave as a normal quasi-associated system; 
rather he considers water as a mixture of relatively 
stable compound molecules of benzene ring structure 
in a normal solvent. Stewart (1931), Bernal and 
Fowler (1933), and Kinsey and Sponsler (1933) also 
favor this notion of a molecular group and not a 
mixture of three molecular types but Rao (1934, p. 
498) shows that water is a ternary system as revealed 
by Raman spectra. 

Longinescu (1919) has recently published a stimu¬ 
lating paper on the nature of molecular association, 
which concept he attributes to Louis Henry. Longi¬ 
nescu points out that in spite of all attempts to de¬ 
scribe water as a mixture of simple, double and 
triple molecules, etc., not a single type of these 
molecules has been isolated. To explain this "fail¬ 
ure" (as he terms it) the hypothesis was invented 
that the associated molecules are in unstable equilib¬ 
rium so that they dissociate and come together 
again with great rapidity. In collaboration with 
Chaborski he puts forward an alternative hypothesis 
that molecular "association" is in reality a phenome¬ 
non of molecular concentration. In place of the idea of 
molecular complexity they introduce the notion of 
molecular accumulation. Thus water which shows 
the highest degree of molecular association has the 
greatest molar concentration and hence the highest 
degree of accumulation. Liquids, like gases, con¬ 
sist solely of simple molecules and the greater a 
liquid is "associated," the greater the number of 
these molecules in equal volumes. In numerous cases 
the degree of association is one-tenth of the molar 
concentration. The author docs not attempt a de¬ 
tailed refutation of the numerous lines of evidence 
for the trihydrol hypothesis. 

LAG IN ATTAINMENT OF EQUILIBRIUM OF 
POLYMERS 

More recent developments of the tri¬ 
hydrol hypothesis are reported by H. T. 
Barnes (1919) concerning the ice-forming 
power of water. He shows that water 
may be exhausted of its ice-forming power 
by experimental means (Fig- *)• For in¬ 
stance, water was cooled in a tank at ten 
to fifteen degrees below freezing (air 
temp.). After the expiration of definite 
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time periods the ice was removed and 
measured, and the water was allowed to 
form fresh ice. In a typical experiment 
under given conditions the first half hour 
yielded a full pail of ice. However, 
another full pail of ice was not formed 
for another full hour, and still another 
two hours were required for the forma¬ 
tion of the third full pail of ice. For 
four hours afterwards there was no ice 


tion, especially at low temperatures. 
When the exhausted water is rewarmed 
to io° and then cooled, it will freeze 
readily, indicating that the establishment 
of polymerization equilibrium is more 
rapid at higher temperatures. 

Wills and Bockcr (1932.) (see above) 
detect a polymer lag with a diamagnetic 
method. Menzies (1934) is skeptical of 
the physical evidence, such as that of 



(From unpublished data of H. T. Barnes, cf. H. T. Barnes, 1919.) 

The graphs show the amount of ice formed per hour in large tanks. The ice was removed and measured 
each hour and the remaining water allowed to form new ice. Stirrers in the water and electric fans in the 
air above were running continuously except for the fifth and sixth hour when tank 1 was at rest. The interval 
permitted enough ‘‘mnydrol’’ to reform so that this partially exhausted water had recovered during the seventh 
hour as judged by the quantity of ice formed which was the same as in the control tank 1, started at the begin¬ 
ning of the sixth hour. These experiments can be interpreted on the assumption that at o° two hours is required 
for the attainment of the equilibrium between polymers. 


produced; the ice-forming power of the 
water had been temporarily exhausted. 
This interesting result can be explained 
on the colloidal theory; a nucleus is re¬ 
quired for the colloidal ice mass, and after 
removal of these nuclei the formation of 
further ice is rendered difficult. This 
passive state of water can be explained, 
also, on the ground that time is required 
for restoration of the trihydrol in solu- 


Barker (1917) (see below) but suggests 
that the biological method may be more 
sensitive. 

RECENT WORK ON ASSOCIATION 

Stakhorski (1930) has recently applied 
the equation of Kordes' Law to water 
and its mixtures with another substance. 
He uses an equation of the following form 
X - [My a (T - T,>T*/M b (T* - TO TJ 
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in which X is the association factor, a and 
b are concentrations of the two compon¬ 
ents A and B and T a , T&, and T § are the 
melting points of A and B and the eutectic 
mixture. He concludes that the applica¬ 
tion of Kordes’ Law confirms the theory 
that water is a typical associated com¬ 
pound. 

Stewart (1931) has considered the na¬ 
ture of the molecular association of water 
as revealed by his x-ray diffraction studies. 
He gives the x-ray diffraction intensity 
angle distribution for water and its varia¬ 
tion for temperatures of 2. 0 and 98°. Two 
important periodicities are established at 
3.14 and i.n A. U. and a third at 1.13 
A. U. The first one decreases with tem¬ 
perature and the second increases. Stew¬ 
art suggests in his discussion of molecular 
polymerization that the description of 
association involving complexes of two 
or three molecules should be abandoned 
in favor of the molecular group concep¬ 
tion (cf. Bernal and Fowler, 1933). Ac¬ 
cording to Stewart the conception of molec¬ 
ular complexes explains neither the cxist- 
epce of the x-ray periodicities nor their 
change with temperature. The groups of 
water molecules postulated by Stewart 
(cybotactic condition) may contain hun¬ 
dreds and perhaps thousands of mole¬ 
cules in each, having a temporary existence 
as individuals with ill-defined bound¬ 
aries and possessing an optimum size and 
an internal regularity determined by the 
temperature and molecular forces. A 
detailed description of the molecular 
arrangement in water from x-ray data is 
not at present possible, yet it simulates 
the crystal structure. 

An entirely new aspect of the poly¬ 
merization problem is considered in the 
recent paper of Plotnikov and Nishigishi 
(1931) dealing with the rhythmicity of 
the trihydrol equilibrium. When the 
longitudinal scattering of a carbon arc 


passed through an alcohol solution was 
photographed at minute intervals, a 
periodic fluctuation of the amount of 
scattering was observed. The same effect 
was obtained with other substances at 
various temperatures. In aqueous solu¬ 
tions this rhythmicity can be interpreted 
as a steady interchange between different 
sizes of the molecular complexes of water, 
a fluctuation around the point of chemical 
equilibrium. Large sugar molecules in¬ 
crease the scattering and decrease the am¬ 
plitude of the water fluctuations. Plotni¬ 
kov suggests that this phenomenon is one 
of a general class of periodic processes 
which might be of importance for biology. 
It is concluded that the scattering effect is 
a very sensitive method for studying the 
properties of polymolecular complexes. 
These experiments support our hypothesis 
that the association equilibrium is not at¬ 
tained instantly as many physical chemists 
believe from an a priori line of reasoning. 

Bernal and Fowler (1933) have recently 
published an important paper giving a 
new theory of water and ionic solution 
with particular reference to H and OH 
ions. Their consideration of the spectro¬ 
scopic molecular model of H 2 0 , of the 
crystal stiucture of ice and the density of 
water lead them to propose an irregular 
4-coordinated structure for water which 
accounts for the positions of the maxima 
of the x-ray diffraction curves. The struc¬ 
ture of water has three forms, i.e. Water I: 
ice-tridymite-like (4-conditioned) at tem¬ 
peratures below 4 0 ; Water II: quartz-like 
(4-conditioncd) in the range 4°-ioo°C.; 
and Water III: ammonia-like, close- 
packed occurring in the range ioo-34o°C. 
Water I (Fig. 2.) is the fundamental struc¬ 
ture which is distorted by higher tem¬ 
peratures, the aggregate of greatest bio¬ 
logical interest being the quartz type 
(Fig. 1) since it is the form over the physi¬ 
ological temperature range. 
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The arrangement of an H 2 0 molecule 
of 1.4 A radius surrounded by four others 
in a more or less regular tetrahedron is that 
found in ice and follows from the quasi- 
tctrahcdral angle of the H 2 0 molecule (cf. 
Debye (192.9) for the structure of mono- 
hydrol). The proton near the surface of 
one molecule lies opposite the empty 
place in a neighboring molecule, i.c., in 
a place where the proton would be in 
such a molecule as CH 4 . In silica, Si 0 2 , 
where a similar four-fold coordination 
holds, there are three main crystalline 
forms: cristabolite, tridymite, and quartz. 


forces of cohesion of the liquid. The 
break down of the empty ice-like struc¬ 
ture is a decrease in volume to water II, 
followed by an increase of a more normal 
kind to water III, where the thermal agi¬ 
tation more than compensates for the 
geometrical contraction of the transition 
from the quartz-like to the close packed 
structures. According to these authors 
trihydrol, dihydrol and hydrol have no 
direct structural analogy to water I, II 
and III, but the latter explain, by means 
of the geometrical internal structure of 
the liquid, physical properties which the 




Fig. z. Molecular Structure of Water Proposed by Bernal and Fowler (1933) 

At left the ice-tridymite-like water aggregate present at temperatures below 4°C. At right the quartz-like 
water form existing in the temperature range 4-zoo°C. This would be the typical arrangement in biological 
fluids. The OH directions pointing upwards arc shown-, downwards. 


Of these the tridymite corresponds to ice, 
and water is simply an irregular version 
of this. The three forms pass continu¬ 
ously into each other with change of tem¬ 
perature. Like Stewart (1931), Bernal 
and Fowler state that there is no question 
of a mixture of volumes with different 
structure; at all temperatures water is 
homogeneous, but the average mutual 
arrangements of the molecules resemble 
water I, II and III in more or less degree. 
The sequence is one of increasing rotatory 
and translatory molecular movement, and 
the consequent diminution of the dipole 


former attempted to explain in terms of 
hypothetical molecules. On the other 
hand the recent considerations of Bancroft 
and Gould (192.4) arc based on the hydrol- 
dihydrol-trihydrol conception. 

Bernal and Fowler introduce a new con¬ 
ception of ' 'structural temperature' * based 
on the changes in the structure of water 
caused by ions, which they believe may 
prove to be important in many physico¬ 
chemical fields, particularly where col¬ 
loids arc involved, and in bio-chemistry. 
In dilute solutions of strong electrolytes 
the "structural temperature" is that tern- 
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peraturc at which pure water would have 
effectively the same inner structure as 
the given solution. The ions loosen or 
tighten the water molecules depending on 
their ionic radii and charge. This may 
explain the antagonistic action of ions 
such as Ca++ and K+, the first lowering, 
the second raising the structural tem¬ 
perature. 

The most recent speculations concern¬ 
ing the molecular structure of ice and 
liquid water arc those of Kinsey and 
Sponsler (1933) derived from an ice crystal 
lattice which is new so far as the H ion 
positions are concerned and is based on 
the O positions previously determined by 
W. H. Barnes (1919). The structure 
provides dihydrol as the polymer occur¬ 
ring in both ice and water. The authors 
postulate a stable H3O2 ion in the crystal 
and in clusters of dihydrol occurring in 
liquid water, an assumption which allows 
a qualitative explanation of many of the 
abnormal properties of water and ice. 
Their statement that liquid water is not 
composed of mono-, di- and tri- hydrol is 
hot supported by the historical evidence 
(vide supra). However, they appeal to 
the fact that the only lattice which has 
been proposed for ice is ionic and docs not 
contain a complex unit of any sort. They 
attempt to reconcile the ionic picture of 
ice with the notion of polymers by postu¬ 
lating the alternate spacing (Fig. 3) of an 
H cation and a complex double pyramidal 
anion H 8 0 2 . The whole lattice is a clus¬ 
ter of linear chains of dipole dihydrol 
units which melt by the destruction of the 
lattice brought about by a too close ap¬ 
proach of the singular H ion (Fig. 3) and 
the H1O2 groups. The result is a liquid 
which is a mixture of mono- and di- hydrol 
in temperate equilibrium. In water, (Jus¬ 
tus of variable size of the two types of 
molecule are the mobile units. The x-ray 
diffraction phenomena point to the exist¬ 


ence of a kind of orderly clustering which 
may follow the crystalline arrangement. 

Bancroft and Gould (1934) have recently 
published a splendid paper on the Hof- 



Fio. 3. Molecular Structure op Water 

At left the molecular structure of water according 
to Kinsey and Sponsler (19}3) based on the ice lattice 
of W. H. Barnes (1919). The structure provides dihy¬ 
drol as the polymer occurring in both ice and water. 
The pyramidal anion H»Oj is alternately spaced with 
the H ion. 

At right the simple water molecule as proposed by 
Pcnnycuick (1918) Dascd on the tetrahedral structure 
of the saturated oxygen atom (the O nucleus with its 
two helium electrons is omitted). The two H nuclei 
and the two O lone pairs of electrons are the points 
of attachment (lower figure) in the formation of 
chains of water molecules which may close to form a 
hexahydrol resembling a benzene ring structure (see 
text). 

mcister series of anions with specific refer¬ 
ence to their effect on the water equilib¬ 
rium of mono-, di* and tri- hydrol. They 
point out that liquid water is recognized 
as being more or less polymerized, but 
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little use is made of this except to account 
for the temperature of maximum density 
of water and for its not boiling at 80- 
i93°K. as calculated by van’t Hoff, Wal¬ 
den, Tammann and Sidgwick. In many 
thermodynamical reasonings the assump¬ 
tion is made tacitly that the degree of 
polymerization docs not change and very 
few people arc interested in the probability 
of the different forms of liquid water hav¬ 
ing different properties, yet changes in 
the structure of water may be very im¬ 
portant in such salt solutions as the Hof- 
mcistcr scries. The lyotropic scries of 
chloride, bromide, iodide, etc., is found 
to hold for true and for colloidal solutions. 
In true solutions the series holds for reac¬ 
tion velocity experiments (neutral salt 
effect), electromotive forces, boiling 
points and displacements of the tempera¬ 
ture of maximum density. 

The scries cannot be entirely due to 
hydration of ions because the boiling 
points are more abnormal than the freez¬ 
ing points. Many people have suggested 
an increased dissociation of water, but 
no one has maintained it seriously for any 
length of time. For cases in which one 
can eliminate adsorption the Hofmeister 
series is due exclusively to a change in the 
water equilibrium. When adsorption is 
selective (as with albumin) a common 
order is: 

SCN - I - Br - NO, - Cl - SO, 

but where adsorption is negligible the 
series may become: 

I — SCN — Br — NO, - Cl - SO, 

The authors make a number of assump¬ 
tions to explain the shift in the water 
equilibrium: (1) chloride, bromide, thio¬ 
cyanate and iodide tend to change dihy- 
drol into monohydrol and have no special 
effect on trihydrol beyond that which is 
a necessary consequence of the displace¬ 


ment of the equilibrium between dihydrol 
and monohydrol. The order of increas¬ 
ing effectiveness is chloride, bromide, 
thiocyanate and iodide, (i) The nitrate 
ion tends to convert trihydrol into dihy¬ 
drol and dihydrol into monohydrol. The 
amount of monohydrol is less with nitrate 
ion than with the chloride ion. (3) The 
sulphate ion tends to convert trihydrol 
and monohydrol into dihydrol. (4) The 
electrolytic solution pressure of H is 
greater in dihydrol than in monohydrol 
and that of O is less. These assumptions 
arc based in part on the following con¬ 
siderations. Iodides have the highest 
boiling point and then come thiocyanates, 
bromides and chlorides. If iodides are 
the most effective in converting dihydrol 
into monohydrol then they arc more solu¬ 
ble in monohydrol than in dihydrol and 
arc consequently lowering the vapor 
pressure of the more volatile constituent, 
therefore the boiling point is abnormally 
large. Also, iodide lowers the maximum 
density of H a O more than bromide and 
bromide more than chloride. Unfortu¬ 
nately nitrate is more effective than iodide 
and sulphate more than nitrate. Accord¬ 
ingly the additional assumptions arc made 
that nitrate tends to convert trihydrol into 
dihydrol and the dihydrol into monohy¬ 
drol and that sulphate tends to convert 
trihydrol and monohydrol into dihydrol. 
The addition of NaCl, NaBr or Nal to a 
solution of an acid increases the hydrogen 
ion concentration which necessitates the 
assumption that the electrolytic solution 
pressure of hydrogen is greater in dihy¬ 
drol than in monohydrol (and that of 
oxygen is less). 

In contrast to van Laar (1899) they 
postulate that alcohol increases the tri¬ 
hydrol concentration since it raises the 
point of maximum density, and since alco¬ 
hol will bring back the fluorescence to a 
too concentrated fluorescent solution, they 
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consider that trihydrol has a specific effect 
in promoting fluorescence. Here we see 
that one of the “closed molecules" of 
Armstrong may be quite active as the 
Spirogyra and Euglena experiments suggest 
(see below). 

Finally the Raman spectrum of water may be 
considered as a possible indication of the structure of 
water but it must be remembered that “the effect 
of the physical state is small in most cases, liquid 
water, ice and water of crystallization, for example, 
showing almost the same Raman spectra" (cf. Nature t 
vol. 131, 1933, pp. 163-165). However, Specchia 
(1930) has examined the Raman spectrum of water at 
various temperatures (17 0 , 41 0 , 8o° and 91 0 ) as a 
possible means for studying changes in the polymer¬ 
ization of water. A slight displacement of the 
bands was noted, e.g., the maximum 4176 A. U. at 
17 0 is displaced to 4188 A. U. at 91 0 . 

Brunctti and Ollano (1930) studied the Raman 
spectrum of water as affected by solutes, and they find 
differences in the intensities of the bands produced 
by presence of salts. It is interesting to note that the 
nitrate anion has a contrary effect to that of the 
chloride anion which may turn out to be a lyotropic 
effect (cf. Bancroft and Gould, 1934). According to 
Bernal and Fowler (1933) the Raman spectrum 
changes in aqueous solutions indicate distortion of 
the water structure by the solute. Rank (1933) has 
recently discussed the Raman spectrum of water 
vapor. According to Rao (1933, 1934) the Raman 
component in water vapor may be attributed to the 
single water molecules and the two components of 
the ice spectrum indicate double and triple molecules 
(trihydrol). In water at different temperatures all 
the three components arc found with varying relative 
intensities and from them Rao attempts a calculation 
of the relative proportion of water molecules (cf. 
Table 1) at different temperatures. He considers this 
method more direct than that of Sutherland (1900). 
He finds a maximum number of double molecules at 
4° which perhaps explains the maximum density at 
this temperature. .His percentages of trihydrol at 
various temperatures agree well with the numerous 
other determinations (Table 1) but his proportions 
are somewhat, low; for example at 4 0 he finds only xi 
per cent trihydrol as compared to Sutherland’s 37.5 
percent. 

HBAyy WATER 

The problem of the association of water 
is complicated by the heavy and light 


hydrogen and oxygen isotopes in the 
molecule. It is obvious that these two 
problems can no longer be considered sepa¬ 
rately. In fact, Bingham and Stevens 
(1934) find that the extra proton in the 
nucleus of hydrogen has a profound effect 
upon the association of water, heavy water 
being inert as a result of its low association . 
Their calculations indicate that deuterium 
oxide is very much less associated than is 
ordinary water, the association factor 
being 1.34 as compared to 1.50 for ordi¬ 
nary water. 

The existence of a heavy hydrogen iso¬ 
tope was suggested by Birge and Menzcl 
(1931) and discovered by Urey, Brick- 
wedde, and Murphy (1932.)* Washburn 
and Urey (1932.) found that the heavy 
isotope was concentrated in water which 
had been subjected to electrolysis as in the 
manufacture of oxygen. Lewis and later 
Taylor prepared almost pure heavy water 
by an electrolytic method (cf. Urey’s re¬ 
view, 1933). Kendall (1933) asserts that 
he obtained unpublished evidence of the 
electrolytic fractionation of water before 
Washburn, and Thomson (1934) believes 
that he observed the heavy isotope of H 
in 1911. 

Several resumes of the recent develop¬ 
ments in this important field have ap¬ 
peared ( Nature , 1933, vol. 131, pp. 536- 
538; and 1934, vol. 133, pp. 197-198; 
Aston, 1933; Urey, 1933; and Frerichs, 
1934) so we shall refer only to the proper¬ 
ties of deuterium oxide likely to be of 
physiological interest. 

The terms deuterium for heavy hydrogen 
and protium for light hydrogen proposed 
by Urey, Brickwcdde and Murphy (1933) 
(1934) arc probably more suitable than 
subsequently suggested terms such as 
diplogen of Rutherford (1933), and bar- 
hydrogen of Wood (1933) (cf. also Brogh- 
ton, 1934; Harkins, 1934; and Ficklen, 
1934). Sidgwick (1934) defends the term 
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diplogen which means “making diplon” 
the nucleus of the heavy hydrogen He 
points out that deuterium means “second 
substance’* but the second particle after 
the proton should be the neutron. For¬ 
tunately the symbol D for H 2 is widely 
accepted. The nucleus of D was first 
regarded as an association of two protons 
and an electron but the discovery of the 
neutron and the positron (positive elec¬ 
tron) has given alternative possibilities 
for the nucleus (dcuton). According to 
Sexl (1933) the proton is not a funda¬ 
mental particle but is a neutron and a 
positron. Thon (1933) takes the same 
view and remarks that if the neutron were 
an aggregate of a proton and an electron 


water (cf. Urey, 1933) containing only 0.01 per cent 
of the normal H the density is 1.1056 at 15° and B. P. 
101.41°, freezing point +3-8° and the point of maxi¬ 
mum density at about n.6°. The viscosity is higher 
and surface tension lower (Table 6). The motility 
of ions is lower in the pure H J H *0 (Lewis and Doody, 
1933) and the solubility of salts is also lowered 
CTaylor, Caley and Eyring (1933)), the difference be¬ 
ing “7-2. per cent in the case of NaCl. The higher 
boiling point of the pure heavy water indicates that 
separation of the isotopic forms can be effected by 
fractional distillation to a slight extent (Lewis and 
Cornish, 1933). Uhlmann (1934) reports that old 
storage batteries contain a slight excess of D. 

It is clear that the physical properties 
of highly concentrated heavy water are of 
limited biological importance, but the 
chemical influence of deuterium is ex¬ 
tremely significant, especially since an 


TABLE 6 


Some Properties of Heavy Water (Selwood and Frost , 1933) 



ORDINARY 

WATER 

HEAVY WATER 

31 % 


100% (ode.) 

Density, d^o. 

Viscosity. 

.9981 

IO.87 

71.75 ! 

I.O314O 

11 4 

71.5 

1.0970 

13-7 

68.1 

1.1056 

M 1 

67.8 dynes/cm. 

Surface tension. 


Taylor and Selwood (1934) later give the density of 100% D2O (i5°C.) as 1.1079 afl d £ hc viscosity 11.6. 


hydrogen atoms should be converted 
spontaneously into neutrons and neutrons 
should be more numerous. From these 
considerations the deuterium nucleus may 
consist of two neutrons, conceived as 
primary uncharged particles of mass i, 
and one position. 

The commercial electrolysis of water concentrates 
the heavier isotope of hydrogen and according to 
Washburn and Urey (1932.) the heavier isotope of 
oxygen, O 18 , but the heavy oxygen is not always 
enriched by further laboratory electrolysis (Selwood 
and Frost, 1933). The specific gravity of the residual 
water rises continuously as the electrolysis proceeds, 
and this is accompanied by a rise in the freezing and 
boiling points and a decrease in the refractive index. 
For water of specific gravity 1.0014, the changes are 
F. P. 4-o.o5°C. and B. P. +o.oi° (Washburn, Smith 
and Frandsen, 1933) and in the concentrated heavy 


exchange between the normal H in com¬ 
pounds and the heavy H in isotope water 
and in deuterium gas may take place. 
Lewis (1933) describes the interchange of 
isotopes in an aqueous solution according 
to the following equation: 

WHO + NHWH 1 - WHO + NH 1 H 1 H* 

in which NH 3 gas is passed into heavy 
water at o°C. One mole of water absorbs 
nearly one mole of NH 8 and since ammonia 
has 3 H atoms, while water has two, more 
than half of the H 2 in the system will 
escape when the ammonia is pumped off. 
A sample of heavy water having an excess 
density of 0.000182. was treated in this way 
and the remaining water had an excess 
density of 0.000085 or at least 0.000097 of 
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the original excess density was due to 
H*. Another part was treated with sul¬ 
phur dioxide which removes the excess of 
O isotope by a corresponding reaction: 

H* 0 18 + S 0 lfl 0 M - H*O w - S 0 l « 0 “ 

and it appeared that of the original density 
excess at least 0.000073 was due t0 O 18 - 
Thus heavy water of low concentration 
from commercial electrolytic cells (which 
was the first to be tested biologically (T. 
C. Barnes, 1933a)) contains a relatively 
large proportion of heavy oxygen which is 
not enriched by special laboratory concen¬ 
tration of heavy water. This may be 
important for the interpretation of the 
favorable biological effect of 0.06 and 0.4 
per cent heavy water in contrast to the 
so-called 4 ‘lethal** influence of very high 
concentrations. Webb (1934) states that 
in heavy water of low concentration used 
as raw material for concentration proc¬ 
esses one half of the excess density is 
produced by O 18 . Upon continued elec¬ 
trolysis the oxygen isotope remains con¬ 
stant as shown by the fact that the in¬ 
creased density of discharged water of 
the apparatus is due to the oxygen isotope 
only. 

Oliphant (1933) reports an exchange 
between heavy hydfogen gas and normal 
water over an interval of several weeks 
and Horiuti and Polanyi (1933) find that 
the exchange is greatly catalysed by plati¬ 
num black, possibly due to the ionisation 
of H corresponding to the electromotive 
process of the H electrode. They suggest 
that in the absence of Pt the walls of the 
vessel may act as a catalyst. It will be of 
interest to determine what catalytic in¬ 
fluences in protoplasm may effect deu¬ 
terium exchange. Gould and Bleakney 
(1934) report that the concentration of 
deuto-hydrogen mixtures in contact with 
water in a clean glass vessel remains con¬ 
stant, The work of Crist and Dalin 


C*933) indicates an exchange between 
water of 1 per cent deuterium concentra¬ 
tion and ordinary hydrogen in a quartz 
tube at 8oo°C. Bonhocffcr and Rummel 
(1934) performed the opposite experi¬ 
ment, i.e., they showed that ordinary 
hydrogen gains weight when exposed to 
heavy water (with Pt as catalyst). 

The exchange reactions arc of great 
biological interest for they offer the possi¬ 
bility of introducing more deuterium into 
living organisms exposed to heavy water. 
Pacsu (1933, 1934) finds an instantaneous 
replacement of the displaceable H in glu¬ 
cose in heavy water but this docs not 
change the value of the specific rotation 
for the wave length of Na light. Accord¬ 
ing to Halford and Anderson (1934) deu¬ 
terium is introduced into acetone dis¬ 
solved in heavy water containing a small 
amount of potassium carbonate. The 
effectiveness of an alkaline catalyst argues 
for a mechanism involving the enol form, 
and they doubt that in an organic com¬ 
pound not susceptible to such a reaction 
any replacement of protium by deuterium 
can be realized by direct contact with 
water. Lewis and Schutz (1934) show 
that in dcuto-acetic acid the heavy hydro¬ 
gen is present in the COOH and not in the 
methyl group. Bonhocffer and Klar 
(1934) consider deuterium exchanges in 
sucrose and sodium acetate. They regard 
cnolization as favorable to hydrogen ex¬ 
change. Hall, Bowden and Jones (1934) 
worked with z per cent heavy water 
(which is near the concentration most 
suitable for physiological experiments) 
and found (1) no interchange of hydrogen 
during brief contact, potassium hypophos- 
phite, potassium acetate, sodium benzoate, 
hydrogen gas, (1) one third of the hy¬ 
drogen in ethylene glycol immediately 
exchanged, (3) extent of exchange in¬ 
creasing with time of contact, potassium 
acetate, hydrogen gas. They state that 
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the hydrogens of the acetate group are not 
wholly inert even when nothing is added 
to promote enolization. In one run, after 
sixty-six hours of contact, 34 per cent of 
the hydrogen in the salt had exchanged. 
It had been previously shown (T. C. 
Barnes and Larson (1933)) that an incuba¬ 
tion period is necessary for deuterium 
exchange in the enzymes, amylase and 
zymin in 0.06 per cent heavy water. It 
is of interest to note that Cavanagh, 
Horiuti and Polanyi (1934) find that bac¬ 
teria (B. colt) arc able, like Pt black, to 
catalyse the reaction: 

HD + HaO - H, -f HDO 

when the partially heavy hydrogen is 
shaken in a sealed reaction vessel with a 
de-aerated saline suspension of bacteria. 

According to Lewis and Schutz (1934b) 
the large difference in vapor pressure be¬ 
tween hydro- and deuto- forms of such 
substances as water and NH 3 is almost 
entirely due to the greater strength of the 
D bond as compared to the H bond. The 
same authors (1934c) describe the altera¬ 
tion in the properties of substances having 
H replaced by D, i.c., the ionization con¬ 
stant of deutoacctic acid is less than one 
third that of acetic acid in common water. 
This enormous shift in equilibrium shows 
how much more tenaciously a deuton is 
held by a pair of electrons of another atom 
than is a proton. The ionization of an 
organic acid involves the separation of 
H -(- or D+ from a pair of electrons of 
a carboxyl oxygen. 

The biological experiments with heavy 
water arc developing so rapidly at the 
present time that it is impossible to present 
an adequate summary. Lewis (1933c, 
1934) found that tobacco seeds failed to 
germinate in nearly “pure” H 2 2 0 and 
developed at half the normal rate in 50 
per cent H 2 2 0 although the seedlings 
appeared normal after a month’s time. 


Seeds which had remained three weeks in 
“pure” H 2 2 0 showed some germination 
when transferred to normal water but the 
sprouts were thin and soon died. Lewis 
suggests that when the heavy water first 
began to permeate the seeds, it was diluted 
by the “bound” water already in the seeds 
and produced a medium in which germina¬ 
tion could begin but that as soon as the 
total water within the seed reached a high 
concentration in heavy hydrogen, the proc¬ 
ess of germination was stopped. Lewis 
also reported preliminary experiments 
indicating that pure heavy water may 
remain bacteriologically sterile. Planarta 
in 90 per cent H 2 2 0 for four hours showed 
a 50 per cent mortality. A mouse was 
given 0.66 gr. of D 2 0 which would be the 
equivalent of the consumption of 4 to 5 
litres of heavy water by a human being. 
The mouse survived and seemed normal 
the next day but during the experiment 
“he showed marked signs of intoxication. 
While the control mice spent their time 
eating and sleeping, he did neither, but 
became very active, running and leaping 

about.The more he drank of the 

heavy water, the thirstier he became.” 
Taylor, Swingle, Eyring and Frost (1933a 
and b) state that 91 per cent heavy water 
will not support Rana clamitans tadpoles, 
LtbisUSy Paramecium and Planarta but they 
report that 30 per cent concentration has 
“no effect” over a period of three days. 
However, they referred to an obvious 
toxic action rather than the modification 
of a normal physiological process. 

These experiments with highly concen¬ 
trated deuterium oxide throw little light 
on the physiological significance of the 
heavy hydrogen isotope but arc valuable 
contributions to what Just (1930) has 
aptly termed “the literature of cellular 
death.” Results with heavy water con¬ 
taining a deuterium content slightly above 
that in ordinary water were secured by 
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one of us (T. C. Barnes, 1933a) in May, 
1933, prior to the work on pure D2O. 
These experiments with 0.06 per cent 
heavy water of density 1.00006 (kindly 
determined by Dr. E. Ball, 1933) were 
designed to show the isotope effect under 
conditions approaching the state of un¬ 
disturbed living matter in the sense of 
Crozier. All ordinary water contains a 
small amount of deuterium, the estimates 
of the naturally occurring proportion of 
heavy hydrogen running from 1 part in 
4,500 (Birgc and Menzel, 1931) to about 
1:30,000 (cf. Aston, 1933) but the deter¬ 
minations of Blcakncy and Gould (1933) 
and Lewis and Macdonald (1933), i.c., 
1:5,000 and 1:6,500 respectively arc per¬ 
haps most widely accepted (confirmed by 
Taylor and Selwood, 1934). The latter 
results would indicate that the isotope 
water employed in the Spirogyra experi¬ 
ments (cf. T. C. Barnes, 1933a) contained 
two to three times the deuterium of the 
controls. 

Goldsmith (1934) shows that the dis¬ 
integration of D in stars leads to an ab¬ 
normally low D:H ratio in stellar atmos¬ 
pheres, i.e. 1:600,000. 

There is evidence of a slight variation in 
isotopic composition in nature (besides 
that of the radio active elements). Thus 
water from the Dead Sea is z. 1 dt 0.5 parts 
per million heavier than ordinary water, 
Great Salt Lake water 1.7 db 0.7 heavier, 
and water from Rasorite (native borax 
tetrahydrate) is 6.9 =t 10.3 heavier (cf. 
U. S. Bureau of Standards , Technical News 
Bulletin , No. 196, p. 81, 1933). Some 
methods, perhaps of insufficient sensi¬ 
tivity, do not show the greater density 
of Dead Sea water (cf. Clark and Warren, 
(1934)). Evaporation from brine appar¬ 
ently concentrates deuterium. Tucholski 
(1934) regards very slow evaporation 
(mountain caves) as a more efficient con¬ 
centrating agent (but cf. Hughes Ingold 


and Wilson (1934)). Sea water is heavier 
by two parts per million than fresh water 
(Gilfillan, 1934). This difference is pos¬ 
sibly a result of natural distillation. From 
the work of Washburn, Smith and Frand- 
sen (1933) Gilfillan calculates that water 
vapor contains 1.8 per cent less deute¬ 
rium than liquid water with which it is 
in equilibrium. Assuming the natural 
abundance of D to be 1:5000, he calculates 
that the first distillate from a large amount 
of water should be lighter by 0.3 ppm. due 
to differences in D. Using an abundance 
figure of 1:630 for O 18 he considers the 
total concentration effect to be 5 ppm. 
On the basis of the Boltzmann distribu¬ 
tion theorem, it can be shown that, if in 
the deeper parts of the ocean statistical 
equilibrium has been reached, pure water 
from a depth of 4,500 m should be heavier 
by a maximum of 7 ppm. than water from 
the surface. This would indicate separa¬ 
tion of isotopes by the gravitational field 
but Gilfillan found the astonishing result 
that surface sea water has the same density 
as a sample from a depth of 4,500 m, indi¬ 
cating that the sea has not reached sta¬ 
tistical equilibrium (cf. also Ball, 1933). 
The polymer difference would, of course, 
disappear when the pressures were equal¬ 
ized. There is a slight physiological con¬ 
centration of deuterium in plants, willow 
sap containing water with z.9 parts per 
million more deuterium than ordinary 
water (Washburn and Smith, 1934), 
(Smith, 1934). According to Dole (1934a 
and b) there is no natural separation of 
isotopes for the excess density found in 
organic samples is due to the O 18 in the 
0 2 used to bum the compound or to the 
concentration of D produced by condensa¬ 
tion of the derived water. Thus careful 
determinations show that benzene, kero¬ 
sene and cholesterol from spinal fluid 
have a normal D content. But Snow and 
Johnston (1934) believe that the excess 
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density of natural butane is not entirely 
due to the O 18 in the tank oxygen used 
in the determination. Stewart and Hol¬ 
comb (1934) find no difference in the 
density of water distilled from milk and 
urine of the same cow and tap water but 
their method may not have been sufficiently 
delicate. 

The first experiments with dilute heavy 
water (Barnes, 1933a) showed that mass 
cultures of Spirogyra exhibited much less 
abscission or cell disjunction and greater 
longevity in 0.06 per cent deuterium water 
as compared with ordinary water. Ac¬ 
cording to Lloyd (19x6) excessive cell 
disjunction is a reaction to unfavorable 
conditions. That this low concentration 
of the isotope may be significant was 
further demonstrated (T. C. Barnes and 
Larson, 1933, 1934) in experiments con¬ 
firming the longevity effect in Spirogyra 
determined by cell counts and demonstrat¬ 
ing the decreased activity of amylase and 
zymin incubated in the heavy water. 
The abscission effect is seen only in long 
filaments of Spirogyra and not in the short 
lengths (5 to 50 cells) isolated for quanti¬ 
tative study in small Petri dishes con¬ 
taining 5 cc. of water samples. Of a total 
of 16 filament sections containing 355 
cells in isotope water, the average cell 
life was 6 days while in ordinary water a 
total of 15 filaments containing 3x1 ceils 
showed an average cell life of only 3 days. 
Spirogyra is particularly suitable for water 
experiments on account of its high water 
content, photosynthctic activity, depend¬ 
ence on turgor pressure and filamentous 
form which permits daily measurements 
of the same cell. With S. nitida immedi¬ 
ately after division the cell measures about 
xoo/4 and divides again after the typical 
length of about 390** is attained although 
cells may elongate to 475/* or more before 
dividing. It is significant to note (T. C. 
Barnes and Larson, 1934) that the greater 


longevity in isotope water was observed in 
all cases despite the wide variation in 
average cell length. Moore's solution in 
various concentrations was added to the 
water samples to eliminate a possible salt 
impurity, and C 0 2 and 0 2 were bubbled 
through the water to rule out an effect 
due to a difference in gas content. The 
slightly concentrated heavy water ap¬ 
peared to have little or no effect on the 
rate of cell division or on the rate of 
elongation of the cells (we avoid the 
ambiguous and abstract term “growth"), 
but had a profound influence on the length 
of life of the cells in the hypotonic solu¬ 
tions employed. More cell division oc¬ 
curred in the heavy water because the 
filaments lived longer in it. Increased 
cell division was observed in Euglena kept 
for forty-five days in 0.06 per cent heavy 
water (T. C. Barnes, 1934a). The initial 
population at the beginning, 31,750 cells 
per cc. increased to an average of 5i,nx 
cells in ordinary water and 59,087 cells in 
the heavy water. There were 1,900 mov¬ 
ing forms per cc. in the ordinary water 
and 4,400 in the “heavier" water (aver¬ 
ages). The cells in ordinary water tended 
to be clumped together in small groups. 

The dilute heavy water had a marked 
effect on enzyme action—the digestion of 
starch by pancreatic amylase and the fer¬ 
mentation of glucose by zymin. The 
retardation of the hydrolyses was obtained 
when the enzymes had been exposed for a 
time to the isotope water. With this 
low concentration, however, there is no 
apparent difference in reaction rate be¬ 
tween the enzyme solutions in isotope 
water and distilled water controls if the 
enzyme is not incubated nor when the 
substrate is incubated in place of the en¬ 
zyme. The total difference in reactivity 
between the heavy and light water solu¬ 
tions (10-15 per cent more CO* production 
in the latter) (Fig. 4) was nearly the same 
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when the zymin was treated for 16 hours 
or 166 hours, indicating a stoichiometric 
exchange of H. The progress of digestion 
of starch by pancreatin was followed by 
removing alternately five drop samples of 
the solutions to spot plate depressions and 
adding a drop of dilute iodine. The eryth- 
rodextrin stage was reached in 6 minutes 
in the controls and 8 minutes in the solu¬ 
tions containing amylase which had been 
incubated in isotope water for 14 hours. 



by Mr. E. J. Larson) 


The decreased CO a production (dark circles) in 
fermentation by zymin which has been incubated in 
heavy water of .06 per cent deuterium is compared 
with the CO» production by zymin which has been 
exposed to ordinary water (open circles) (cf. T. C. 
Barnes and Larson, i93j). Since the incubation of 
the substrate (glucose) m heavy water does not pro¬ 
duce the reduced activity, Larson’s theory postulates 
the introduction of deuterium in a key position in the 
enzyme. 

After the effect on Spirogyra was ob¬ 
tained, our colleague Dr. Oscar Richards 
kindly consented to repeat the tests with 
yeast (cf. Richards, 1933) and confirmed 
our discovery that a slight excess of deu¬ 
terium in water may be biologically sig¬ 
nificant. He observed a 16 per cent in¬ 
crease in dry weight of yeast grown in our 
isotope water, and Meyer (1934) found 


the same effect in Aspergillus . Taylor and 
Harvey (1934) later measured the 0 2 con¬ 
sumption of yeast in heavy water but were 
unable to interpret their results (cf. be¬ 
low). 

The regeneration of the flatworm Pha - 
gocata gracilis was tested in the 0.06 per 
cent isotope water but no macroscopical 
difference was observed (T. C. Barnes and 
Larson, 1934). However, the animals 
were left in the water and after a few 
months time a striking difference was 
observed which became slowly more 
evident—the worms in the light water 
gradually shrank to one-fifth or less of 
their original body size while in the iso¬ 
tope water only a slight diminution was 
seen. A large excess of water was present 
(50 cc.) containing one drop of Ringer per 
10 cc. It is possible that the longevity of 
Spirogyra and the inhibition of shrinkage 
in the starving planarians are due to 
retarded enzyme hydrolysis as the amy¬ 
lase experiments suggest. 

The body size experiments on Planaria 
were repeated in slightly more concen¬ 
trated heavy water (0.47 per cent or 1 part 
deuterium to 113 parts protium) and a 
new effect appeared (Larson and T. C. 
Barnes, 1934). The animals in heavy 
water of this concentration were parasit¬ 
ised by moulds and succumbed within 
three weeks. In some cases the living 
animal becomes invested with slime mould 
and in others is covered with tufts of 
mycelium. It would appear from the 
work of Meyer on Aspergillus and our 
Planaria experiments that heavy water 
having a 1:100 deuterium ratio may have 
a specific effect in stimulating the growth 
of moulds and possibly bacteria. This 
property should afford many interesting 
problems in parasitology and might be of 
considerable importance in the possible 
therapeutic use of heavy water of low 
concentration. Klar (1934) objects that 
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moulds in our experiments were stimu¬ 
lated by paraffin impurities but he is not 
clear in explaining how a trace of organic 
matter could influence moulds grown 
with added nutrients (cf. Meyer 1934; 
Richards 1933). 

Von Hevesy and Hofcr (1934) used heavy 
water of about this composition, 0.5 per 
cent in their work with goldfish. They 
found that the rate of exchange of heavy 
water of this strength was the same as 
that of normal water but the experiments 
lasted only a few hours and no quantita¬ 
tive studies of metabolism etc. were made. 

Our zymin effect explains the subsequent 
work of Pacsu (1934) who observed that 
fermentation by yeast cells in nearly pure 
H 2 2 0 was nine times slower than in ordi¬ 
nary water, but he did not attempt to limit 
the effect to the enzyme. The results arc 
in harmony with the increased dry weight 
found in yeast grown in isotope water by 
Richards (1933). On the other hand 
Macht and Davis (1934) report that fer¬ 
mentation experiments with yeast and 4 
per cent cane sugar in ordinary and 0.06 
per cent deuterium water showed no differ¬ 
ence. This we think was due to the fact 
that the zymase was not incubated in the 
heavy water prior to the test which we 
showed to be necessary with very low 
concentrations of heavy hydrogen. These 
authors found a slight inhibitory effect on 
germination of Lupinus seedlings but no 
apparent results with mammalian tissues 
(contraction of intestinal loops, etc.). 

However, Meyer (1934) working with 
dilute isotope water (1 part in 113) con¬ 
firmed our original view that a slight ex¬ 
cess of deuterium may be biologically sig¬ 
nificant. He found that the dry weight of 
Aspergillus mats in the heavy water was 
16 times that of the felts grown in ordinary 
distilled water (plus nutrients in each 
case) and that the fruiting was 4 'greatly 
diminished.** These results resemble our 


previous experiments (Barnes and Larson, 
1934) showing a greater spreading of 
Osctllatoria in unbuffered isotope water of 
0.06 per cent concentration. 

Brief mention must also be made of re¬ 
cent sporadic tests of heavy water which 
require re-interpretation. Sugiura and 
Chesley (1934) announce that the prolifer¬ 
ating capacity of the mouse sarcoma 180 
and mouse melanoma is unaffected by 14.8 
per cent and 40 per cent heavy water when 
isotonic. They place the tissue in heavy 
water for 12.-14 hours at 4-5 °C. at which 
temperature the chemical reactions of 
growth favorable for exchange of isotopes 
arc inhibited. The tissue is then removed 
from heavy water and transplanted into a 
normal animal where of course it grows 
at the higher temperature. No quantita¬ 
tive data arc given relative to the growth 
rate which, moreover, is not measured in 
an environment rich in D. There is no 
previous evidence for a 4 ‘lethal* * action of 
heavy water of the concentrations used by 
these authors who overlook the time factor 
necessary for the slow influence of deute¬ 
rium. They find a 156 per cent increase in 
weight in tumor tissue swelling in 14.8 per 
cent heavy water as compared to 130 per 
cent in ordinary water which they do not 
regard as a deuterium effect but one depend¬ 
ing on a difference in pH of the isotope 
water, being apparently unaware that it 
had been shown previously (T. C. Barnes 
and Larson, 1933) that isotope water has 
a higher pH which may depend on the 
deuterium content (lower mobility of D or 
change in dissociation constant of dis¬ 
solved substances). Harvey and Taylor 
(1934a) set out to find the cause of the 
“deleterious effect of heavy water for liv¬ 
ing things** following Lewis in the use of 
high concentrations of deuterium. They 
fail to realize that 100 per cent heavy water 
represents a five thousand fold increase in a 
normal constituent of protoplasm. This 
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old fashioned physiology of subjecting or¬ 
ganisms to the most extreme conditions 
possible is fortunately yielding place to a 
more careful study of the organism as un¬ 
disturbed living matter in which slight 
increases in constituents may reveal their 
rdlc in the normal animal. Taylor and 
Harvey find as Lewis did that 86 per cent 
heavy water has a depressing action, in 
this case on the oxygen consumption of 
bacteria. It is obvious, however, from 
their Fig. i representing the O2 consump¬ 
tion of marine bacteria that their “con¬ 
trol” of 0.18 per cent D 2 0 has a higher 
rate than the ordinary water experiment, 
confirming our results that dilute heavy 
water may have a stimulating action. 
These authors, however, ignore previous 
work and do not realize the significance of 
the slight increase in 0 2 consumption in 
0.18 per cent D 2 0 (which probably would 
have been more significant if a longer time 
interval had been used and the number of 
bacteria counted). In their study of the 
0 2 consumption of yeast (Taylor and 
Harvey, 1934b) these workers again find 
that there is more 0 2 consumed in 0.18 
per cent D 2 0 than in ordinary water but 
fail to realize the significance of this result 
(seen clearly in their Fig. 1). It would be 
interesting to compare their results with 
the slightly reduced activity of zymin 
(Barnes and Larson, 1933) and the in¬ 
creased dry weight of yeast (Richards, 
1933) in dilute heavy water but they do 
not have any measurement of the quantity 
of yeast at the end of the experiment. 

Hackh and Wcstling (1934) suggest that 
accumulation of heavy water by evapora¬ 
tion in the human body may cause senility, 
being apparently unaware that the first 
biological experiments showed that a low 
concentration of D 2 0 increases longevity 
of cells. 

Although the nature of the action of the 
heavy isotope on protoplasmic activities 


must remain conjectural until more work 
is completed, it is evident that a number of 
possibilities may be considered. (1) 
Lewis (1933c) suggests that the “selective 
power of living organisms may segregate 
the isotopes in some of the substances 
necessary to growth.” He originally 
considered heavy water as “lethal” to 
living organisms, but later (1934) he 
writes “heavy water is never toxic to any 
high degree and it is tolerated in high 
concentrations by lower organisms.” He 
suggests that the rate of vital processes 
seems to be roughly proportional to the 
fraction of total hydrogen which is H 1 . 
However, in this connection it should be 
remembered that a very slight concentra¬ 
tion of isotope may have a relatively 
enormous effect, probably due to its influ¬ 
ence on a key reaction. (2.) It is also 
possible (T. C. Barnes, 1933) that an ex¬ 
planation may involve bound water in 
colloids which is known to be of greater 
density than “free” water. This might 
exert a stabilizing effect. Moreover, 
Washburn and Smith (1933) have shown 
that heavy water molecules are preferen¬ 
tially adsorbed on charcoal from deute¬ 
rium water of approximately the same 
concentration as used in the Sfirogyra and 
enzyme experiments. Woodward and 
Cheslcy (1934) report that gelatin ab¬ 
sorbs xo per cent less of 90 per cent heavy 
water in a given time than it does ordinary 
water. (3) The heavy water effects may 
be conditioned by a pH difference (T. C. 
Barnes, 1933) especially since Bernal and 
Fowler (1933) have calculated that the 
heavy isotope has only one-fifth the mo¬ 
bility of the light (cf. also Lewis and 
Doody, 1933). A slightly higher pH in 
heavy water of 0.06 per cent and 0.5 per 
cent concentration was found (Barnes, 
1933) which may be a direct result of the 
lower H activity or its influence on the 
dissociation of dissolved substances. The 
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inhibition of abscission in Sptrogyra is seen 
in buffered heavy water but not the in¬ 
creased spreading of Oscillatoria. How¬ 
ever, the digestion of starch proceeds 
more slowly in heavy water in spite of 
the fact that the latter is nearer the opti¬ 
mum pH (T. C. Barnes and Larson, 1933). 
(4) The biological results may be entirely 
traced to the influence of deuterium on 
enzyme action (T. C. Barnes and Larson, 
1:933, 1934). The work with amylase 
and zymin suggests an exchange between 
the excess deuterium in some key position 
of the enzyme molecule which was first 
proposed by our colleague Mr. E. J. Lar¬ 
son. Perhaps there is an exchange of the 
amino group or peptide binding in the 
enzyme. Eyring and Sherman (1933) re¬ 
porting the general chemical activity of 
the heavy isotope, apart from enzymes, 
states, “All chemical reactions having a 
positive temperature coefficient go about 
half as fast or less at ordinary tempera¬ 
tures with the heavy as with the light H. 
It will be possible to single out such reac¬ 
tions in biological processes.** (5) Bio- 
electrical potentials may be changed by a 
suppression of ionization brought about 
by the presence of the heavy isotope. (6) 
Bingham and Stevens (1934) state that 
heavy water is inert due to low association 
(reduced trihydrol content), which would 
apply principally to the concentrated 
deuterium oxide which has a low associa¬ 
tion factor. This may prove to be a line 
of contact between the ice water and heavy 
water experiments. Cabrera and Fahlcn- 
brach (1934) are probably mistaken in 
their suggestion that concentrated heavy 
water is more strongly polymerized than 
H2O. They did not determine the asso¬ 
ciation factor but found that the difference 
in the diamagnetic susceptibility of DsO is 
less than that of H s O at the melting point. 
Another possible connection may be 
through the work of Uhlmaan (1934) who 
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is investigating a possible concentration 
of H 2 during sublimation (evaporation) 
of ice and snow. This might help to ex¬ 
plain the activity of organisms in melted 
ice water in the spring. (7) A small con¬ 
centration of deuterium oxide may be an 
essential constituent of protoplasm. For 
example, Ca may be quite essential in 
small amounts quite apart from its action 
on a living organism in a saturated solu¬ 
tion. 

Whatever the explanation of the bio¬ 
logical effect of heavy water may be, it is 
clear that physiology is greatly indebted 
to Washburn and Urey for their discovery 
of D 2 0 . 

A third isotope of H of mass three, tri¬ 
tium (T), was announced by Latimer and 
Young in 1933 ( Pbys . Rev. y 44: 690) and 
was found to result from the collisions 
between dcutons of high energy by Oli- 
phant, Harteck and Rutherford (1934). 
Tuve, Hafstad and Dahl (1934) find H 3 (T) 
in concentrated deuterium samples and 
Lozier, Smith and Bleakney (1934) report 
an abundance ratio T:D = 5:10® in pure 
heavy hydrogen. This means that the 
ratio T:H in natural hydrogen is probably 
of the order 1: io 9 and has not yet become 
physiologically significant. However, 
Homwcll, Smyth and Van Voorhis (1934) 
have concentrated the third hydrogen 
from the natural 1 part in 100,000 in pure 
deuterium to 1 part in 5,000 D which 
suggests that tritium may ultimately be 
obtained in biologically significant con¬ 
centrations. 

BOUND WATER 

We do not propose to review the prob¬ 
lem of “bound” water in colloids and 
living tissues for nothing is known about 
the possible effect of polymerization on the 
degree of bound water. Gortner (1930) 
believes that an appreciable fraction of 
water in organisms is not “free,” as 
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judged by the fact that only part of it 
freezes even at very low temperatures; but 
Hill (1931) finds little evidence for bound 
water as measured by vapor tension which, 
however, is not always a direct indicator 
of the state of water (for example, ice 
evaporates as a polymeric vapor). Green¬ 
berg and Greenberg (1933) also conclude 
that practically all the water in colloidal 
solutions is free as judged by its ability to 
dissolve urea and glucose. Since bound 
water is more dense (cf. Barron, 1931) than 
free water, it is not composed of the bulky 
“trihydrol” aggregates, but it is interest¬ 
ing to note that according to Marinesco 
(1930) the dielectric constant of “bound” 
water in tissues appears to be the same as 
that of Ice No. VI, which is known to exist 
only under enormous pressures. It would 
appear that although some bound water is 
present in the living cell, there is enough 
free water to permit the existence of trihy- 
drol molecules. The rapid spreading of 
feathery ice crystals in Amoeba protoplasm 
at —o.8°C. (Chambers and Hale, 1931) 
supports the view that there is a large 
proportion of “free” water. Kcdrowsky 
(1931) regards the free water as that which 
is available for chemical transformations 
without changing the plasma colloid 
structure. It must be remembered that 
the free-bound water equilibrium is not a 
static one (Spek, 1918). Gortner and 
Gortncr (1934) have recently defended the 
bound water concept and they conclude 
that the bound water values as determined 
by the cryoscopic method parallel the 
physiological responses of plants to en¬ 
vironmental conditions. Bull (1934) suc¬ 
cessfully meets the criticisms of Grollman 
(1931), for the negative amounts of bound 
water found by the latter are due to the 
fact that the KC 1 used in Grollman's 
method is adsorbed by the colloids along 
with the water. A direct line of contact 
between the bound water problem and the 


structure of water discussed in this review 
is afforded by the results of Kolkmeijer 
and Favcjee (1933), showing that many 
of the x-ray lines from emulsoid sols at 
ordinary temperatures correspond to ice 
lines. Of 11 lines on a starch picture, 15 
correspond to the first 13 of a possible 
total of 18 ice lines. The inference is that 
the bound water is oriented on the surface 
of the particles in the ice lattice. It is 
probable, however, that the water mole¬ 
cules in the bound state are not the same 
as the trihydrol aggregates, because the 
latter have a lowered density. The hy¬ 
pothesis may be considered that the bound 
water is composed of trihydrol molecules 
whose density has been increased by 
pressure, and this is in agreement with the 
findings of Marinesco (1930). 

VAPOR PRESSURE 

It is obvious from the above historical 
survey of the polymerization of water 
that further investigation is needed in this 
important field. It is hoped that our 
work on the biological effect of “ice-” and 
“steam water” will stimulate more exten¬ 
sive research on the properties of water, 
even if this proves fatal to our present 
working hypothesis that trihydrol aggre¬ 
gates play an essential r 61 e in certain types 
of living cells. In this connection one 
may mention the recent experiments of 
Mcnzics (1931), who compared the vapor 
pressure of 10 cc. samples of recently 
boiled and frozen distilled water at the 
same temperature. The apparatus con¬ 
sisted of two 2.5 cc. Pyrex bulbs connected 
by a water manometer. Under these 
conditions Menzics found no appreciable 
difference in vapor pressure. It is doubt¬ 
ful, however, if vapor pressure is a direct 
indicator of the concentration of water 
polymers. In fact, it is the only impor¬ 
tant property of water which previous 
investigators have not studied in relation 
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to association. The vapor tension of ice 
and of water is treated in Ice Engineering 
by H. T. Barnes (1918, pp. 31-33, 56-67). 
Barnes and Vipond in 1909 found the sur¬ 
prising result that the heat of vaporiza¬ 
tion of ice at o°C. is almost identical with 
that of water at o°C., which indicates 
that ice evaporates as a polymeric vapor. 
In ordinary evaporization of ice the change 
of the solid vapor to ordinary vapor takes 
place just outside the surface and would 
escape detection in the usual vapor pres¬ 
sure measurements. 

As was mentioned above, Baker (1917) 
used vapor pressure as a criterion for 
association changes but his work was 
criticized by West and Menzies (1919) 
and Wright and Menzies (1930). 

Little is known concerning trihydrol in 
the air but it acts as nuclei for the forma¬ 
tion of rain drops, fog and hoar frost and 
the presence of ice particles in the upper 
atmosphere is shown in the phenomenon 
of sun dogs and moon dogs (H. T. Barnes, 
1918, p. 10). 

RATE OF FREEZING 

Inasmuch as ice exhibits anomalies in 
its mode of evaporation it is suggested 
that other methods than those involving 
vapor tension might yield more direct in¬ 
dication of the concentration of liquid 
ice in water. Judging from the discrep¬ 
ancies in the papers reviewed above it 
appears that we have at present no means 
of determining the precise degree of asso¬ 
ciation and concentration of water poly¬ 
mers, but it seems reasonable to infer 
that “ice water“ will contain more tri¬ 
hydrol for a limited time at least than 
“steam water“ immediately on condensa¬ 
tion. On the colloidal theory of water, 
ice forms when the trihydrol concentra¬ 
tion reaches the saturation point, so it 
occurred to one of us (T. C. B.) that it 
would be of interest to determine the time 
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required for equal samples of “steam-“ and 
“ice water** to freeze at the same tem¬ 
perature. It was found that to cc. of 
fresh ice water, warmed rapidly to io°, 
would freeze three times as rapidly as 
condensed steam water cooled rapidly to 
io°; both samples, of course, being sub¬ 
jected to the same freezing temperature. 
On the basis of the colloidal theory these 
results might be interpreted on the grounds 
that, since ice forms when the dihydrol is 
saturated with trihydrol, water contain¬ 
ing more liquid ice aggregates would take 
a shorter time to freeze than condensed 
steam water containing less trihydrol. 
However, great caution must be exercised 
in interpreting new experiments of this 
nature, but they seem to give tentative 
support to our hypothesis. The ice was 
obtained from absolutely clear portions 
of large blocks of commercial ice. This 
ice when perfectly clear yields water of 
great purity. H. T. Barnes (19x8, p. 59) 
states 4 ‘my own tests on water from melted 
ice show it to be so closely allied to the 
purest distilled water that it is indistin¬ 
guishable by a chemical examination. 
Provided ice is clear from air pockets it 
may be safely used, even when frozen from 
a polluted source.** In the manufacture 
of artificial ice there is an opaque core into 
which all the foreign matter from the 
water h^s been thrust. An ice crystal 
cannot form unless it is absolutely devoid 
of foreign material. In a recent study of 
the crystal structure of ice W. H. Barnes 
(1919, p. 676, sec also fig. 3) states “all 
attempts to grow single crystals of ice 
with well developed faces failed. Only 
needles could be obtained. The crystals 
finally employed .... were found in com¬ 
mercial, artificially frozen ice. . . .’* In¬ 
deed, Zsigmondy (1910) recommends 
melted ice water as the purest water ob¬ 
tainable for ultra-microscopical work. 
Frozen steam water was used in some of 
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the Spirogyra experiments, but as Plyler 
(1914) states, it is difficult to freeze small 
quantities of distilled water to obtain 
ice with large crystals and free from 
bubbles. The crystals grow slowly with 
aging, as indicated by Plyler's photograph 
of commercial ice kept for several months. 
The lines of separation between the large 
crystals stand out on melting, a fact which 


steam water cooled rapidly to the same 
temperature, but we have not yet pre¬ 
pared freezing time curves for this type of 
ice water. 

The original freezing time curve was 
obtained by placing samples of water from 
“large crystal" clear commercial ice and 
condensed steam water in test tubes in a 
wooden rack outside in December, 1931 




Fio. 5. Freezing Time Curve for io cc. Samples of Ice Water and Steam Water Both Brought 

Rapidly to io°C. 

Abscissae: temperature of air in degrees below zero C. Ordinates: time in minutes reauired for freezing 
Black columns: ice water. Unshaded columns: steam water. The test tubes were placed outside in a test 
tube rack during cold weather in December, 1931. Under these conditions the water freezes more slowly and 
the end point (sudden appearance of feathery crystals throughout the sample) was more readily seen than 
when the tubes are immersed in a brine freezing mixture. 


Fio. 6. The Effects of Various Kinds of Water on Spirogyra, Euglbna and Nitzschia 
The Spirogyra graphs (H, L, S, T, C) represent the number of living cells in short sections (50 cells) of the 
same filament in heavy water, H, of low concentration (.06 per cent deuterium); in ordinary light water, L; 
in steam water renewed twice daily, S; in ice water, which on our theory contains more trihydrol, T; and in 
the control, C, injpond water (cf. T. C. Barnes and Larson, 1953). Abscissae: time in days; ordinates: number 
of living cells. Tne EugUna chart shows the relative population in condensed steam water (left) and ice water 
fright) after two weeks (T. C. Barnes and Jahn, 193j). The Nitzschia chart shows the increased population 
(right) in sea water to which ice water has been aaded (Harvey, 1933.) (See text.) 


we have also observed in our own samples. 
This hard, clear “large crystal” ice seems 
to yield water of greater sustaining action 
for Spirogyra than that from bubbly fine 
crystalled ice obtained by the rapid freez¬ 
ing of small quantities of steam water. It 
is suggested that this latter type of ice 
does not yield as rich a solution of trihy- 
drol. However, ice water from frozen 
steam water freezes more rapidly than 


(fig. 5). This simulated natural condi¬ 
tions and also afforded greater visibility 
than is possible when the tubes are sur¬ 
rounded by brine mixture in a pail or in 
Dewar flasks. 

In collaboration with Professor F. E. 
Lloyd, freezing experiments were carried 
out at McGill University in December, 
1931, to test water prepared under the same 
conditions as those obtaining in the Spiro- 
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gyra experiments of 1931 (Lloyd and 
Barnes, 1931). It was found that the 
water from the same quartz still did not 
freeze as rapidly as water from clear river 
ice, thus supporting the New Haven 
freezing experiments. 

PHYSIOLOGICAL EFFECTS OF ICE WATER 

Experiments concerning the effect of 
ice and steam water on Euglena have been 
described briefly (Barnes and Jahn, 1933) 
and the present paper presents a more 
detailed description of these experiments. 
The stock cultures of Euglena gracilis were 
grown under bactcriologically sterile con¬ 
ditions in a medium of inorganic salts and 
hydrolyzed casein (Jahn, 1931), and also 
in the same salt solution under non-stcrilc 
conditions. In each experiment a large 
number of Euglena was taken from one 
type of culture and washed several times 
by centrifuging with water which had 
been distilled several weeks previously. 
The washed cells were then divided 
equally into two containers and fresh ice 
water was added to one-half while the 
same amount of fresh steam water was 
added to the other half. The steam water 
was prepared from a Pyrcx still and the 
ice water was obtained from commercial 
block ice, the purity of which has been 
discussed previously (Lloyd and Barnes, 
1931, and elsewhere in the present paper). 
Both kinds of water were at approximately 
the same temperature (io°-i5°) when 
poured on the organisms. Since Euglena 
gracilis grows well at a temperature as 
high as 3o°C. and the narrowest recorded 
range of non-lethal temperatures for the 
species is 0-37.5° (Jahn, 1933), any lethal 
effect could not be ascribed to these tem¬ 
perature differences. The initial concen¬ 
tration of organisms (in thousands per 
cc.) was determined (method described 
by Jahn, 1919), and the organisms were 
placed in centrifuge tubes and kept at 


approximately io°C. Under these condi¬ 
tions any slight difference in temperature 
between the types of water would rapidly 
disappear. Three tubes of organisms in 
each kind of water were used for each 
experiment; therefore, each experiment 
was in triplicate. 

In seven of the eight experiments the 
water was changed daily by centrifuging; 
in the eighth it was changed twice a day, 
and in this last experiment samples of the 
water used were subjected to the freezing 
tests described below. The tubes were 
well shaken to redistribute the organisms 
throughout the tube after centrifuging, 
and this shaking also tended to equalize 
the gas tensions of the water. The tubes 
of experiments IV and VI were placed in 
an ice chest containing a ij-watt light 
globe, 15 inches from the cultures. The 
temperature of these cultures was approxi¬ 
mately io°. The tubes of the other experi¬ 
ments were placed near a closed north 
window, and the temperature of these 
cultures was io-i5°C. The results of the 
eight experiments arc shown in Table 7. 
Each concentration given is the average 
of the count taken on two samples from 
each of the triplicate tubes. No one count 
differed by more than 15 per cent from the 
mean of the six counts. 

The data show that in seven of the eight 
experiments a relatively larger amount of 
growth occurred in the ice water. The 
average increase in concentration of organ¬ 
isms in the steam water was 31 per cent 
(16.4 compared to 11.7 thousand per cc.), 
whereas the increase in the ice water was 
105 per cent (16.4 to 33.6 thousand per 
cc.). Cells in the ice water of all experi¬ 
ments except experiment VII were, on the 
whole, much more motile than those in 
the steam water, and after the first few 
days there was an increasing tendency of 
the organisms in the steam water cultures 
to remain in the bottom of the tube. The 
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ice water cultures also showed this tend¬ 
ency to a certain extent, but it always 
occurred first and was more pronounced 
in the steam water. Also, in the steam 
water there was apparently a much larger 
percentage of dead cells at the end of the 
experiment. Dead cells do not disinte¬ 
grate immediately under the conditions of 
the experiment but remain in the water for 
at least two weeks, during which time 
they slowly become decolorized. Since 
it is quite impossible to tell by observa¬ 
tion the percentage of green euglenas 


contradictory results obtained on the 
effect of various substances on Euglena 
gracilis (Zumstein, 1900; Temetz, 1912.; 
Pringsheim, 1912.; Mainx, 1918; Jahn, un¬ 
published observations). Certain sugars 
sometimes produce a large acceleration of 
growth, while at other times these same 
sugars produce a deceleration and cncyst- 
ment. Jahn (in a forthcoming publica¬ 
tion) has obtained both types of results 
under the same conditions of light and 
temperature and by using media tubed 
from the same solutions at the same time. 


TABLE 7 

The Effect of Pure Ice Water and Pure Stream Water upon the Growth of Euglena gracilis. The Water was Changed 
Daily in all Cases Except in Experiment VIII in Which it Was Changed Twice Daily. 

For Further Explanation See Text 


EXP. 

PREVIOUS 

MEDIUM 

INITIAL CONC. 

DURATION OR 
EXP. 

FINAL 

Steam water 

CONC. 

Ice water 

RATIO OP PINAL 
CONCS. 

(ice water) 
(steam water) 



mm m 

dsjfS 




I 

Peptone 


X 5 

18 

40 

2 .. 2 . 

II 

Peptone 


IO 

2 . 2 . 

36 

1.6 

III 

Peptone 

mm 11 

M 

2.1 

C\ 

1 -7 

IV 

Peptone 

x 5 

x 4 

2.0 

35 

1.7 

V 

Salts 

x 7 

x 3 

2.0 

30 

x -5 

„ VI 

Salts 

x 5 

x 4 

2.0 

2.6 

x -3 

VII 

Peptone 

10 

10 

2.0 

x 3 

.6 

VIII 

Peptone 

2-5 

16 

33 

52- 

1.6 

Total. 

X 3 X 


x 74 

x68 

1 -54 

Average. 

16.4 


zi.7 

33 4 

1 *54 


which arc dead, figures for these percent¬ 
ages arc not available. The motility 
effect was reversed in experiment VII, the 
steam water cultures showing a greater 
motility as well as a greater increase in 
number. In this experiment the results 
are directly contradictory to those of the 
other seven experiments, and as yet we 
have no proven explanation for the results. 
It docs not seem to have been caused by 
an experimental error,.and an explanation 
of this contradiction might involve factors 
which would also account for previous 


These contradictions are believed to be 
caused by the metabolic condition of the 
cell at the time the experiment is started, 
and there is considerable cytological evi¬ 
dence concerning reserve materials which 
would make this theory seem plausible, 
but as yet it has not been proven. 

The effect of low concentrations of salts 
in the ice water and steam water was in¬ 
vestigated in unpublished experiments by 
T. C. Barnes and M. Glass on Spirogyra 
nitida . To the water prepared as above 
was added 2. per cent concentrated Moore's 
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solution, an amount which should sup¬ 
press any difference in the traces of ordi¬ 
nary salts in the two types of water. 
Large, healthy filaments of S . nitida were 
placed singly in the two solutions. These 
solutions were renewed daily, and at the 
end of four days the number of colorless 
and shrunken and the number of normal 
cells were counted. In a typical filament, 
out of in cells in the steam water, only 


physiological effects on these organisms. 
The curves of Wills and Boeker (1932.) 
show a very striking hysteresis effect in 
the same temperature range as used in 
these experiments, and, according to their 
data, at least five hours is required for 
adjustment of polymer equilibrium; there¬ 
fore, one is led to believe that the present 
effect may be due to the ratio of the water 
polymers. Since our two types of water 



Fio. 7. Freezing Time Curve for 10 cc. Samples of Ice Water and Stbam Water Both Brought Rapidly 
to io°C. in Test Tubbs In Ice-brine Mixture 


Abscissae and Ordinates as in Fig. 5. Triangles, ice water samples; circles, steam water samples. In the 
latter case the samples freeze so slowly that the times given in three cases (circles with arrows) are those elaps¬ 
ing until the temperature of the brine mixture rose above the constant temperature. The reading at —3 is 
taken from Fig. 5 for it is difficult to maintain the brine for such long periods at a relatively constant tem¬ 
perature. In general, the freezing times in brine are faster than those in air. 


2.5 (11.3 per cent) were normal; out of 65 
cells in the ice water, 54 (80.6 per cent) 
were normal. It is concluded that any 
effect due to traces of common salts (pres¬ 
ent in Moore’s solution) coming from the 
ice would be ruled out. 

The present experiments on Euglena , as 
well as the earlier work on Spirogyra (T. 
C. Barnes, 1931; Lloyd and T. C. Barnes, 
1931) show that ice water and steam 
water appear to have decidedly different 


had recently undergone a change of state 
one might expect that the time for read¬ 
justment of the polymer ratio should be 
longer than five hours. How the observed 
physiological effect is brought about is 
not known, but the results obtained so 
far arc not incompatible with the original 
working hypothesis that trihydrol parti¬ 
cles influence certain types of cells. 

In connection with the Euglma work, 
freezing time experiments were also made 
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by placing ice water and steam water, 
both at io° as above, in a brine mixture at 
temperatures ranging from —i to —i5°C. 
Surrounded by the ice-brine mixture the 
water in the test tubes froze more rapidly 
than in the preliminary experiments in air, 
and the water which had been ice imme¬ 
diately before the test froze much faster 
than the steam water provided the tem¬ 
perature was not below — 6°C. (Fig. 7). 
Finally, Dewar flasks (internal diameter 
4.5 cm.) containing brine mixture were 
employed and samples of the water used 
in the Euglena and later Spirogyra experi¬ 
ments were tested at — 5°C. at the time of 
renewal. To eliminate the possible influ¬ 
ence of the internal surface of the test tube 
on the speed of freezing, many tubes were 
used and reversed in separate tests, i.e., 
the tube in which ice water had frozen 
rapidly in one test was used for the slow 
freezing of steam water in another test. 
In the Dewar flasks a typical 10 cc. sample 
of ice water would freeze in 10 to 15 min¬ 
utes at —6°C., while steam water would 
remain unfrozen under the same conditions 
(or as long as 45 minutes. All samples 
were tested immediately after preparation. 
Preliminary experiments dealing with 
samples a day old indicate that some of the 
difference persists for a considerable time, 
but further work is necessary before a 
definite time limit can be placed upon the 
hysteresis effect. Therefore, in experi¬ 
ments planned to test the effect of water 
polymers, it is essential that freshly 
prepared water be used, that this water 
should be renewed as frequently as 
practicable under the experimental condi¬ 
tions, and that, if possible, destruction of 
trihydrol by the addition of solutes 
should be obviated. 

The recent work of Weiss and Nord 
(1933) indicates that enzyme solutions are 
more active after freezing which may help 
to explain some of the biological results. 


According to Larson’s theory peroxide 
may be formed when trihydrol breaks 
down as shown by the guiacum test 
(Barnes and Larson, 1933). 

Harvey (1933) in a recent comprehensive 
paper on the rate of diatom growth has 
considered the suggestion of one of us 
(T. C. B.) that the production of diatoms 
may be influenced by trihydrone mole¬ 
cules in the water from recently melted 
ice. Using Nit%scbia closttrium, he tested 
the possibility of different water mole¬ 
cules in the following way. Filtered sea 
water was enriched with phosphate, ni¬ 
trate, iron citrate and sodium silicate and 
inseminated with the diatom. Fifty cc. 
portions were placed in small flasks to 
half of which were added 10 cc. of recently 
distilled water and to the other half 10 
cc. of the same water which had been 
frozen and allowed to melt. Harvey 
states “The experiment was repeated 
several times and except in the case of one 
pair of flasks, a greater growth could be 
distinguished after several days where the 
ice water had been added.” Counts in a 
representative pair of flasks showed 4,310 
cells per cubic mm. with recently distilled 
water and 5,430 cells per cubic mm. with 
ice water. In another scries, the sea water 
was partially frozen and allowed to melt, 
and “in each of the experiments the 
growth was perceptibly greater in the 
water which had been partially frozen.” 
Another series of experiments made in 
November with less illumination did not 
show the difference. In the Euglena and 
Spirogyra experiments we also find that 
occasionally the effect does not appear, a 
fact which has not yet been explained. 
It is interesting that Harvey obtained an 
ice water effect in spite of the high salt 
content of his water samples. 

Offant (1934) has described what we 
interpret to be an effect of water poly¬ 
mers on the heart rhythm. If K-poor 
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Ringer is treated with ultra-violet light 
it alters the heart rhythm but Offant finds, 
by irradiating water and salts separately 
that the effect is on the water molecules. 
Probably some change is produced in the 
higher polymer since radiation of heated 
water (simpler structure) has no effect. 
Radiation is a powerful agent in the de¬ 
struction of trihydrol (cf. H. T. Barnes, 
1919 , p. 196 ). 

Hcgarty and Rahn (1934) have recently 
tested our water theories with B. coli 
cultures. They used ice water from sterile 
water blanks kept frozen for at least a day 
and steam water from a sterile Pyrex 
condenser. The waters were at once 
brought to 30° and peptone and beef ex¬ 
tract added. In a typical run the popu¬ 
lation increased from 88,500 per cc. to 
1,420,000 per cc. in ice water and from 
103,500 to 700,000 in steam water. They 
write “dihydrol is changed strikingly only 
by vaporization which is also the sole 
process influencing the growth rate of 
Bacterium colt'' Further details may be 
obtained from the original paper but it 
is interesting to note that their work 
indicates a lag in the polymer equilibrium 
of 4-12. hours. 

It was formerly suggested (Barnes, 1931) 
that the colloidal water particles might 
render the water more active in a manner 
analogous to catalysis, but at the present 
time it docs not seem prudent to go be¬ 
yond the empirical finding that ice water 
will sustain Spirogyra and Euglena for a 
longer time than fresh steam water. The 
positive results with these holophytic 
cells also invite the consideration that 
polymerized water is involved in photo¬ 
synthesis. The trihydrol or hexahydrol 
may be built up into a sugar molecule. If 
melted ice water were stimulating to 
plants only, it would still be a factor in the 
increase in the spring plankton as orig¬ 
inally suggested (Barnes, 1931) and might 


help to explain the richness of plant forms 
in arctic waters. Hart (1934) regards 
this suggestion as “rather naive*' in view 
of the many factors involved (cf. Gran 
(1919), Braarud and Klem (1931)) but he 
considers the trihydrol hypothesis as an 
explanation of the abundance of plankton 
in cold water. Correspondents have men¬ 
tioned that some algae do not show the 
same differences in ice water, and it may 
well be that various forms have an op¬ 
timum trihydrol condition, depending on 
the species. Nor is it impossible that the 
water polymers have an indirect effect , as 
would occur if they influenced the con¬ 
centration of catalytically active “un- 
hydrated H ions*’ in stoichiometrically 
similar water samples. We have found 
no consistent pH difference, and both the 
biological effect and the freezing time 
phenomenon are evident when the pH is 
the same (5.9, 6.0, 6.1). This makes it 
improbable that the CO2 content of the 
ice water is the chief factor, but Suther¬ 
land (1900) has pointed out that the solu¬ 
bility of substances in trihydrol may be 
quite different from that in the other water 
species. Hcgarty and Rahn (1934) bub¬ 
bled their water samples with air to pre¬ 
vent an 0 2 deficiency effect. 

We must also consider the possibility 
that the freezing time effect and even the 
biological results arc influenced by the 
presence of dust particles in the water. 
Rice (1916) points out that distilled water 
contains about 15,000 suspended dust 
particles per cc. and these may be active 
catalytically, i.e., the oxidation of sodium 
sulphide is almost entirely a dust reaction 
and the photochemical decomposition of 
hydrogen peroxide more closely obeys 
Einstein's law of photochemical equiv¬ 
alence when dust is removed from the 
system. Also Pcnnycuick (1918, p. 1685) 
writes: “When a gaseous.H—O—H mole¬ 
cule is captured through its auxiliary 
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field by some foreign substance, its ex¬ 
posed field is now more active than the 
normal, and further as it has surrendered 
some of its kinetic energy, it now acts as 
an efficient condensing agent towards 
other water molecules/* However, wc 
do not regard the dust nuclei as the most 
important factor for two reasons, (i) 
Burk (1918, p. 1631) doubts the generality 
of Rice’s view and docs not consider dust 
particles as a 4 ‘great menace to sound in¬ 
vestigation.” He points out that the 
effectiveness of dust particles does not 
compare in magnitude with that of the 
walls of the vessel. In both the Spirogyra 
and freezing time experiments, the vessels 
were exchanged repeatedly in the tests, 
which would rule out any difference in the 
catalytic effect of the walls. (1) It does 
not seem probable that the ice water con¬ 
tained more dust particles than the re¬ 
cently condensed water for as Friend 
(1933, p. 301) states “Tyndall obtained 
optically pure water by melting clear 
block ice in a vacuum.” 

Most critics maintain that the poly¬ 
merization equilibrium is established in¬ 
stantly. For example. La Mer and Miller 
(1:933), although admitting that negative 
evidence such as the vapor pressure meas¬ 
urements of Menzies (1932.) may be 
ascribed to insufficient sensitivity of the 
method, report no difference in the refrac¬ 
tive index of water recently distilled as 
compared with water standing for several 
days. But La Mer and Miller fail to con¬ 
sider Sutherland’s (1900, see p. 466) dis¬ 
cussion of the Lorcnz-Lorcntz formula 
which suggests that the refractive index 
and the trihydrol concentration do not 
tend to diminish toward O 0 at the same 
rate. As was mentioned above, our 
claims apply especially to water from 
clear ice consisting of large crystals com¬ 
pared to condensed steam water. We 
admit that it is theoretically possible that 


the equilibrium is rapid; but if this is 
true, it would leave no explanation for the 
biological difference in water depending 
on its previous change of state, the strik¬ 
ing difference in freezing times of ice and 
steam water, the differences in diamag¬ 
netism depending on thermal history 
(Wills and Boekcr, 1931), and the exhaus¬ 
tion of the ice-forming power of water at 
low temperature by the removal of ice (H. 
T. Barnes, 1919 and Fig. 1 of this review). 

CONCLUSIONS 

In conclusion we wish to emphasize the 
importance of water as a neglected com¬ 
ponent in chemical and biological sys¬ 
tems. It is recognized (cf. Hcilbrunn, 
1918; Adolph, 1930; Gortncr, 1930; Kiesel, 
1930) that water is the most important 
component of living matter but it is evi¬ 
dent from the foregoing review that a 
great deal more information is needed on 
the physical side before we will be in a 
position to assign specific rdles to water 
in its various modifications in the living 
cell. The problem of “water metab¬ 
olism” has received considerable atten¬ 
tion (cf. Buchanan (1930), Adolph (1933), 
Barbour and Gilman (1934)). Duryec 
(1933) has supported the important theory 
that oxidation is inversely proportional 
to water content; but on the other hand 
Schieper (1919) holds that the addition of 
water to the body fluids of certain animals 
increases the respiratory rate, due on his 
theory to the osmotic work performed in 
resisting the disturbance of the salt equi¬ 
librium (for example, the gill movement 
frequency of Ligia increases in dilute sea 
water (Barnes, 1931a)). 

Quite apart from the hypothesis that 
water polymers have specific effects on 
living matter and that the association 
equilibrium requires time, it is obvious 
that the variation of the ratio of water 
polymers as controlled by temperature. 
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which is firmly established by the numer¬ 
ous investigations reviewed above, will 
have to be considered when estimations 
arc made of the physical state of natural 
waters (*.g., great depths of the oceans, 
mountain lakes, saline lakes, hot springs, 
etc.). It might be worth while to apply 
the calculations of Sutherland and others 
to various aquatic environments, i.e ., deep 
sea water at a temperature near zero would 
have a molecular constitution similar to 
water at ioo° for the large trihydrol con¬ 
tent determined by the low temperature 
would be dissociated by pressure. For 
every atmosphere of pressure 0.00017 gram 
of liquid ice is dissociated at o°C. and 
0.0001 gram per atmosphere at ioo° 
(Sutherland, 1900, p. 469). However, 
space forbids us from extending these 
speculations in the present review. 

Looking back over the long list of in¬ 
teresting publications concerning the 
molecular constitution of water it is in¬ 
deed surprising that the subject has been 
so sadly neglected in textbooks of physi¬ 
cal chemistry. Even the important vol¬ 
ume of Henderson (1917) dealing largely 
with the fitness of water for living organ¬ 
isms, makes no mention of water poly¬ 
mers. Henderson deals with the high 
specific heat of water as a unique and 
biologically important property but this 
remains unintelligible unless it is realized 
that the specific heat of water is largely 
made up of the heat of dissociation of tri¬ 
hydrol. From a consideration of the 
many forgotten properties of hydrogen 
oxide discussed by the authors whose 
papers have been summarized, it is clear 
that a fruitful field awaits further in¬ 
vestigations of the biological significance 
of water. The present review is not com¬ 
plete—for example, we can but mention 
such important papers as that of Coolidge 
(1933) on the quantum mechanics of the 


water molecule, which do not deal di¬ 
rectly with association—but we have 
selected typical papers dealing with each 
important aspect of the problem. If our 
researches on the biological properties of 
types of water stand the test of further 
criticisms, a more extensive review will 
be prepared. 

SUMMARY 

Experiments by the senior author (T. 
C. B.) indicated that condensed steam 
water and ice water differ in some way as 
judged by their effect on Spirogyra. A 
comparable difference was found by the 
authors in the effect of these types of water 
on Euglena. As this difference may prove 
to be due to the different molecular com¬ 
plexity of the water samples resulting 
from a change of state, it was thought 
advisable to prepare the present paper 
dealing with all significant investigations 
on the association of water and the prop¬ 
erties which this may influence. The 
more important papers on “trihydrol’' 
covering the period 1879 t0 x 933 arc rc “ 
viewed and a few other important con¬ 
tributions dealing with related water 
problems arc briefly summarized. It is 
significant to note that the most recent 
comprehensive analysis of water structure 
(Rao, 1934) supports the old mono-, di- and 
trihydrol hypothesis. Additional data 
are given relative to the Euglena experi¬ 
ments and the freezing times of ice and 
steam water. It is concluded that all 
water contains 4 ‘trihydrol'* aggregates 
whose concentration varies with temper¬ 
ature and to a less extent with pressure 
and the concentration of solutes, and 
that there may exist a considerable time 
factor in the attainment of association 
equilibrium under certain conditions. 
Further, it is pointed out that the molecu¬ 
lar complexity of water has well rccog- 
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nized biological consequences such as the 
stability at ordinary temperatures of this 
compound of elements with such low boil¬ 
ing points as H and O; and the hypothesis 
is considered that the concentration of 
polymers in ice water may exert new and 
little known effects on certain types of 
living cells. 


We with to express our thanks for indispensable 
help from Professor Howard T. Barnes and Dr. 
William H. Barnes. We are also indebted for valu¬ 
able information from Dr. E. Ernest Dorsey and the 
late Dr. E. W. Washburn and helpful criticism from 
Professor W. J. Crozier. We are of course entirely 
responsible for our interpretation of biological effects 
and for any errors which may have crept into the 
manuscript. 
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I EWIS (i) first published his finding 
of the completely inhibitivc 
effect of pure heavy water (D 2 0 ) 
^ upon the germination of tobacco 
seeds, and the retardation of the same proc¬ 
ess by only 50 per cent heavy water; he 
followed this article with an account (1) 
of similar effects upon the growth of yeast 
and bacteria, and the fatal effects upon 
flatworms immersed in the heavy isotope. 
He cites the work of Pacsu (3) who found 
that 100 per cent heavy water retarded 
the normal rate of fermentation of sugar 
by yeast by about 89 per cent, while 60 
per cent D 2 0 retarded the process by only 
about 37.5 per cent. Lewis* work on the 
mouse showed that this rodent suffered 
various deleterious effects and manifested 
great thirst, when allowed to drink only 
heavy water. Taylor, Swingle, Eyring, 
and Frost (4) had shown that flatworms, 
tadpoles, small fishes, and certain Protozoa 
were killed by immersion in 92. per cent 
heavy water for certain intervals, but that 
30 per cent showed no lethal effects. 

Heavy water, while not strongly toxic, 
exerts at high concentrations probably 
universal deleterious effects upon living 
organisms, just as do certain vitamincs, 
hormones, and drugs. Like such sub¬ 
stances also, heavy water in very dilute 
concentration exerts little or no effect 
differentiable from those of ordinary water, 
while certain intermediate concentrations 
appear to be highly stimulative to growth. 

Thus Macht and Davis (5), using a sam¬ 
ple of water containing only 1 part D 2 0 in 
1000 parts HjO found that this solution, 
compared with ordinary water, produced 

34 * 


only a slight retardation of the germina¬ 
tion of Lupinus seedlings, whether salts 
were added or not, no apparent differences 
in the fermentation of sucrose by yeast, 
no changes in the physiological behavior 
of injected mice or of immersed goldfish, 
or in the rhythmic behavior or response 
to drugs by surviving smooth muscle 
from various sources, and no changes in 
the blood pressure or respiration of injected 
cats. On the other hand, Barnes (6, 7) 
found that heavy water of about the same 
concentration increased the longevity of 
Spirogyra filaments, and led to a decrease 
of abscission, as compared with controls 
in distilled water, whether various salts 
or buffers had been added to each medium 
or not. Similarly Richards (8) using the 
same solution but studying a yeast ( Sac- 
charomyces cerevesiae ) instead of a green alga, 
found that this fungus when grown in the 
heavier water produced a larger total 
volume of cells by 2.0 per cent, had a larger 
mean cell size by 3 per cent, and showed a 
dry weight 2.6 per cent greater than the 
controls cultured in ordinary water. A 
greater variation in individual cell size 
was found in the yeast cultured in the 
heavier water. 

According to Barnes and Larson (9), 
Oscillatoria spread more extensively in the 
above fraction of isotope water than in 
ordinary water. They suggest that the 
observed heavy water effects may be due 
to its influence on enzymes; pancreatic 
amylase in the DaQ solution for 14 hours 
was less active than were controls in 
ordinary water. A zymase, exposed for 
66 hours to the heavy isotope showed 10 
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per cent less CO* production than con¬ 
trols in ordinary water. 

Both Barnes and Richards, who found 
unmistakable effects, used approximately 
the same concentration of solution as did 
Macht and Davis (specific gravities of 
i.000061 vs. 1.000060 respectively) but ap¬ 
parently worked with more sensitive ma¬ 
terial, and utilized more delicate means 
of observation. Mayer (10) employing 
water containing 1 part deuterium to 113 
parts protium (more than nine times as 
strong as that used by Barnes, Richards, 
and Macht and Davis) found that a nutrient 
solution made of this supported the de¬ 
velopment of mycellial felts of Aspergillus 
sp. which reached a weight (dry) sixteen 
times as great as that of controls grown 
under the same conditions, but using 
ordinary water as solvent. He also found 
several indications of marked stimulation 
by D 2 0 , with diminished fruiting, and 
irregular and localized distribution of 
spores on the surface. 

Hevesy and Hofer (n) observed that 
goldfish (Caras stus auratus ) behaved 
normally in 0.5 mol per cent D 2 0 . They 
present evidence to show that the heavy 
isotope was readily taken up by the 
animals* tissues, and as readily given up 
again when the fish were returned to ordi¬ 
nary water. 

Finally, Washburn and Smith (iz) have 
shown that the growing willow performs 
an isotopic fractionation ^of combined 
hydrogen during synthesis^of organic 
compounds, retaining in the sap and woody 
tissues greater amounts of D 2 0 than nor¬ 
mally exist in water. No preferential 
absorption occurs on the part of the root 
membranes. 

The biological properties of heavy 
water not only challenge the general physi¬ 
ologist, but must capture the interest of 
those engaged in studies of such composite 
sciences as ecology, oceanography, agri¬ 
culture, and medicine. 


Since it is known that brine ponds, salt 
lakes, and oceans have, presumably in the 
process of fractional evaporation, accu¬ 
mulated a grcatcr-than-normal content of 
heavy water 1 would it not be of consider¬ 
able value to know whether certain 
halophilic animals, plants, and bacteria 
found in such localities might have a 
tolerance, or even a need, for higher con¬ 
centrations of heavy water 2 as they do for 
higher concentrations of dissolved salts? 

Lewis (z) makes the suggestion that 
perhaps certain organisms may have an 
actual need for heavy water, and that 
experiments be made to analyze for both 
waters the tissues of plants and animals 
maintained in media of varying isotopic 
composition. 

Certain it is that heavy water exerts 
very different effects upon the metabolism 
of organisms, according to its concentra- 

1 Blcakncy and Gould (13) working at Princeton, 
have concluded that their closest approximation to 
the actual amount of D2 in hydrogen from rain water 
is 1:5000. 

Gilfillan (14) found a difference of 1.3 parts per 
million between the densities of carefully prepared 
distillates from sea-water (from the surface or from 
great depths) and distillates from laboratory tap 
water. He takes the isotopic identity of sea-water 
distillates from all depths as signifying that the sea 
has not reached equilibrium, and that the observed 
differences in Dj.O content between sea and land waters 
arc perhaps due to the differences in distillation rates 
of the two isotopes. 

* Dole (15) determined the densities of distillates 
obtained from samples of water taken from the 
Atlantic Ocean, the Dead Sea, Great Salt Lake, and 
from hydrated mineral razorite, and found the values 
to be greater than those for fresh water by several 
parts per million, indicating a naturally occurring 
isotopic fractionation, presumably by distillation. 
Dole suggests, on the basis of others' work, that 
living organisms may select protium in preference to 
deuterium, but points out that the heavy isotope 
may be concentrated physiologically. Hie cites the 
work of Washburn and Smith (op. cit.) and reports an 
excess of deuterium in honey, benzene, and a kerosene 
over that in ordinary water by 4, 7, and 8 parts per 
million respectively. He suggests that such data 
from petroleum distillates may shed light upon the 
origin of petroleum. 
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tion. Experimentation on the relative 
concentrations of both waters for optimal 
growth in certain plants and animals of 
commerce would have a manifestly valuable 
application. Such experiments are prob¬ 
ably in progress. 

Hackh and Westling (16) recently sug¬ 
gested that heavy water, boiling at 
ioi.4i°C. as contrasted with the boiling 
point of ordinary water, may therefore 
evaporate more slowly from the human 
body than does the latter, and gradually 
thus becoming accumulated, may be re¬ 
sponsible for the various retardations and 
inhibitions in protoplasmic activity char¬ 
acteristic of senescence. 

The work of Washburn and Smith indi¬ 
cates some kind of selective retention of 
heavy water by the young willow, but 
if such a phenomenon were also found 
to be true for animals including humans, 
it would seem a rather colossal feat to 
attribute to differential evaporation alone, 
in view of the small differences in vapor 
pressure of the two water isotopes, and 
the numerous and intricate aspects of water 
metabolism, including the paths of water 
elimination, any of which might con¬ 
ceivably act somewhat selectively. Also, 
the mechanism proposed by Hackh and 
Westling could not account for senescence 
in marine and other aquatic animals. 

The investigations of Washburn and 
Smith, and the speculative communica¬ 
tion of Hackh and Westling arc of help, 
however, in suggesting certain possibili¬ 
ties in the realm of medicine. It is well 
known that three types of animal tissue 
having the highest water content (except¬ 
ing the body fluid and certain highly vascu¬ 
larized organs) are embryonic, germinal 
(ovaries, testes) and neoplasmic (cancerous 
growths). Cell division is more rapid in 
the first two classes, and often in the last 
class, than in normal, adult somatic tissue. 


While in the former three kinds, growth 
(addition of new cells) is taking place, 
in the latter, merely maintenance, or cell 
replacement is occurring. With fetal de¬ 
velopment, birth, adolescence and maturity 
ripening into age, the total water content 
of the body undergoes a gradual decrease 
from about 94 per cent in a three-months 
human fetus, 66-69 per cent at birth, to 
about 58 per cent in adult life, lessening 
continually with age (17, 18). Repro¬ 
ductive functions also lessen with the 
onset of senility. The incidence of cancer 
is far greater in the elderly than in youth 
or in adults at their prime. 

If, during a gradual decrease in the total 
water content of aging animals, some 
degree of selective retention of heavy 
water occurred, somewhat comparable 
to the case of the young willow tree, by 
whatever mechanisms in operation, might 
not this accumulation reach concentrations, 
general or localized, sufficient to stimulate 
the maximum production of neoplasmic 
cells (just as certain ranges of heavy water 
concentrations stimulate the growth of 
algal and fungal cells), given the necessary 
accessory determinants? That certain ac¬ 
cessory stimulants are present in neo- 
plasmogcnesis is indicated by the ease of 
excising or otherwise destroying incipient 
growths, the transplantability of certain 
tumors (19, 20), and the chemical inhibi¬ 
tion (2.1) of ‘ ‘takes” in transplants. That, 
given favorable conditions for the occur¬ 
rence of rapidly growing masses of can¬ 
cerous tissue, heavy water at certain 
concentrations might act as an effective 
Stimulant to the growth of such cells is sug¬ 
gested by reviewing the work of certain 
authors cited. 

To Lewis' proposal that the relative 
proportions of the two hydrogen isotopes 
be determined in the tissues of organisms 
provided with heavy water at various 
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concentrations is added the suggestion 
that both normal and cancerous tissues of 
animals throughout the life span might 
be so analyzed with a view to throwing 
light on the question of a possible r 61 e 
played by heavy water in the stimulation 
of such growths. 

ADDENDA 

Since the preparation of this review, several 
articles have appeared. These should be mentioned 
in order to bring the review up to date. 

H. S. Taylor (11), in a brief review of the chemical, 
physical, and biological work with heavy hydrogen 
at Princeton, mentions the initiation of work in one 
line of investigation which has been independently 
suggested in this present paper, concerning the effects 
of heavy water upon cancer cells. Taylor also men¬ 
tions experiments by Dr. J. Pace which show that 
high concentrations of DjO depress the catalytic 
decomposition of hydrogen peroxide by blood 
catalase. 

Stewart and Holcomb 0-3) investigating the 
possible biological separation of heavy water, care¬ 
fully fractionated and rcfractionatcd tap water, water 
from cow’s milk, and from cow’s urine, comparing 
the D2O concentration in the distillates using the 
most recent and careful methods. They found no 
differences in the water from these various sources, 
but admit that further work must be done, especially 
with reference to heavy hydrogen in milk, urine, and 
other body fluids. The isotopic composition of 
respired water, water of perspiration, and the various 
body fluids still remains to be investigated, and 
attention should be paid to the question of alterations 
in composition with changes in physiological states 
such as aging and various pathological conditions. 

Harvey (14), found that heavy water (85-95 per 
cent) did not prevent the luminescence of dried 
Cypridina , nor affect luminescence in a fresh water 
luminous bacterium, but diminished luminescence in 
a marine form, retarded the growth of luminous bac¬ 
teria, killed a number of protozoa and rotifers, and 
did not kill bacteria nor irreversibly injure Euglena. 
The heavy isotope penetrates ElocUa cells and slowly 


retards protoplasmic cyclosis. Harvey concludes, 
having eliminated the possible presence of traces of 
toxic impurities such as peroxide and nitrogen oxides, 
and in consideration of the slow and often reversible 
effects of heavy water, that "its action may be likened 
to that of a generally unfavorable environment lead¬ 
ing to progressive changes in the cell." He suggests 
that the observed changes may result from "differen¬ 
tial effects on the rate of biochemical reactions, which 
ordinarily proceed at a certain definite rate in relation 
to each other." 

Harvey and Taylor (15) found, using the Warburg 
respirometer, that marine luminous bacteria, kept 
in salt and peptone cultures containing heavy water, 
underwent a decrease in respiration rate, the higher 
concentrations exerting the greatest effects. Lumi¬ 
nescence was markedly decreased in 86 and 63 per 
cent DjO. The writers noticed a similar reduction 
of respiration in a fresh water form. Vibrio phos¬ 
phorescent, without appreciable reduction in lumi¬ 
nescence. 

Barnes (16), who is one of the chief students of 
the physiological effects of heavy water and the 
various hydrols (H2O, (H 2 0)2, (H 2 0 ) s ) upon single- 
celled organisms in particular has found that heavy 
water of low concentration (density of 1.000061) 
increased the rate of division of Euglena by more than 
15 per cent, as compared with organisms kept in 
ordinary water, and that there were 2-3 times as many 
of the active forms in the water containing the heavy 
isotope as in the ordinary water. He suggests that 
D2O in small quantities may be an essential part of 
living systems, and that perhaps in the case of Spero- 
gyra and Euglena in hypotonic solutions, the reduction 
in enzymic hydrolysis may prolong cell life and 
thus allow opportunity for the increased cell division 
observed. 

Woodard and Chesley (17) reported that gelatin 
absorbed in a given time 10 per cent less heavy water 
(from a 90 per cent D 2 0 solution) than did equal 
amounts in ordinary water. They stressed the im¬ 
portance of water absorption in life processes, and 
believe that their experiments with gelatin indicate 
a possible mechanism of the retardation of growth 
of plants or animals living in high concentrations of 
the heavy water isotope. 
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EVOLUTION 

Man’s Place among the Anthropoids. 
Three Lectures on the Evolution of Man from 
the Lower Vertebrates. 

By William K. Gregory. Oxford Univer¬ 
sity Pressy New York. $1.50. 8| x 5I; 

vi + 119 + 5 plates; 1934. 

These three lectures, delivered at Univer¬ 
sity College and Oxford University, rep¬ 
resent Professor Gregory’s rejoinder to 
Professor Wood Jones Mans Place Among 
the Mammals (reviewed in the Quarterly, 
Vol. 5, page 370). Professor Gregory, 
marshalling a vast amount of authorita¬ 
tive evidence, attacks the latter’s thesis 
that man has been derived not from any 
early ape at all, but from a far older and 
long extinct branch of the Primates; that 
is, that man is distantly related to the 
spectral tarsier of Borneo and the Philip¬ 
pines. Taking sides in this controversy 
seems neither judicious nor necessary. 



Marine Mammals. Contributions to Pa¬ 
laeontology . Carnegie Institution of Washing¬ 
ton Publication No. 447. 

By Earl L. Packardy Remington Kellogg , 
and Ernst Huber . Carnegie Institution of 
Washington , D . C . $4.00 (paper); $5.00 

(cloth). 10 x 6J; 136 + 8 plates; 1934. 
Four papers arc included in this publica¬ 
tion of the Carnegie Institution of Wash¬ 
ington: A New Cetothcre from the Mio¬ 
cene Astoria Formation of Newport, 


Oregon, by Earl L. Packard and Reming¬ 
ton Kellogg; The Patagonian Fossil 
Whalebone Whale, Cetotherium moreni (Ly- 
dekker), by Remington Kellogg; A New 
Cetothcre from the Modelo Formation at 
Los Angeles, California, by Remington 
Kellogg; Anatomical Notes on Pinnipedia 
and Cetacea, by Ernst Huber. 

In the first paper in the series will be 
found a partial list of fossil mollusks from 
the Astoria formation (Middle Miocene) 
of Lincoln County, Oregon; a list of speci¬ 
mens of fossil marine mammals obtained 
from the Tertiary of the Newport region; 
and a map of a portion of the Oregon coast 
showing localities of fossil marine mam¬ 
mals. Measurements of all bones de¬ 
scribed in the first three papers are 
arranged in tabular form in the texts. 
The material in the last paper in the group 
has been arranged by Professor A. Brazier 
Howell from manuscripts and notes left 
by the late Ernst Huber. 



Contributions to Paleontology. Pa¬ 
pers Concerning the Palaeontology of California , 
Arizona , and Idaho. Carnegie Institution of 
Washington Publication No. 440. 

Carnegie Institution of Washingtony D. C. 

$1.15 (paper); $3.15 (cloth). 10 x 6J; 

135 + 18 plates; 1934. 

The detailed data in these papers are care¬ 
fully tabulated and subdivided. Each 
article has a content outline following its 
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title. The volume is well supplemented 
throughout with text figures and plate 
illustrations. It contains the following 
papers: Tertiary mammals from the aurif¬ 
erous gravels near Columbia, California, 
by John C. Mcrriam and Chester Stock; 
Notes on the geologic section near Colum¬ 
bia, California, with special reference to 
the occurrence of fossils in the auriferous 
gravels, by George D. Louderback; Per- 
issodactyla from the Sespe of the Las Posas 
Hills, California, by Chester Stock; Car¬ 
nivora from the Sespe of the Las Posas 
Hills, California, by Chester Stock; Anch- 
iteriine Horses from the Merychippus Zone 
of the North Coalinga District, California, 
by Francis D. Bode; Pleistocene mamma¬ 
lian fauna from the Carpintcria asphalt, by 
Robert W. Wilson; The Coconino sand¬ 
stone—its history and origin, by Edwin 
D. McKee; A rodent fauna from later 
Cenozoic beds of Southwestern Idaho, by 
Robert W. Wilson. 



The Evolution of the Vertebral Col¬ 
umn. A Contribution to the Study of Verte¬ 
brate Phytogeny . 

By H. F. Gadow . Edited by J. F. Gaskell 
and H. L. H. H. Green. University 
Press, Cambridge; The Macmillan Co., 
New York . $6.75. x 6; xiv + 356; 
* 933 - 

The aim of this book is “to put together 
the evidence of the various lines of devel¬ 
opment of the vertebrae as a guide to the 
encral morphological scheme of verte- 
ratc evolution.*’ For over forty years 
the author, late Strickland Curator and 
Reader in Vertebrate Morphology in the 
University of Cambridge, had been inter¬ 
ested in the morphological problems of 
the vertebrate phylum. At the time of 
his death he had accumulated much of the 
material for the present volume. The 
editors, J. F. Gaskell and H. L. H. H. 
Green, are responsible for the final arrange¬ 
ment of the latter part of the book, as well 
as for certain other necessary changes 
which the manuscript indicated. They 
are also responsible for the selection of the 
many illustrations. 


A lengthv bibliography and an index 
are included in the volume. 



SCHIMPANSISCH, UrMONGOLISCH, InDOGER- 
MANISCH. 

By Georg Schwidettfy. Deutscher Verlag , 

Leipzig. 5 marks. 8f x 5I; 94; 1933 

(paper). 

In this interesting but not altogether con¬ 
vincing little book the author attempts to 
derive an evolutionary relationship be¬ 
tween the chimpanzee and man, by a phil¬ 
ological comparison of the chimpanzee 
“language** with that of various tribes of 
the Mongolian and Indo-Germanic races. 
He compares words used by man with 
those of the Yerkes-Lcarned “word list*’ 
of the chimpanzee. The book is equipped 
with an extensive bibliography and an 
index. 



Plant Life through the Ages. A Geolog¬ 
ical and Botanical Retrospect. Second Edi¬ 
tion. 

By A. C. Seward. The University Press, 

Cambridge; The Macmillan Co., New York. 

$8.00. 9x6; xxi + 603; 1Q33. 
Mention has already been made in these 
pages of the first edition of this volume 
which was published in 1931 (Volume 
7, page 101). The second edition is un¬ 
changed except for a few alterations and 
corrections in the text and the addition of 
a short list of references. 



GENETICS 

Heredity and the Social Problem 
Group. Volume I. 

. By E. J . Lidbetter. Longmans , Green and 
Co., New York. $7.50. 9} x 7I; 159 + 
2.6 folding charts; 1933. 

For many years the author, aided by the 
English Eugenics Society, has conducted 
an investigation on individuals residing in 
a Poor Law district of East London, who 
normally resort to public assistance. The 
scope 01 the study is; (1) To ascertain the 
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measure of family chargeability, and, as 
far as possible, reduce the results to pedi¬ 
gree form, (i) To measure the periods of 
chargeability against the periods of inde¬ 
pendent support. (3) To ascertain the 
age of onset and the incidence of repetition 
in recurrent cases. (4) To secure records 
of fertility and survival in the several 
classes. (O Generally to compare the 
ascertained family chargeability with in¬ 
dividual chargeability. 

This volume is limited to a report of 
part of the data and consists of twenty-six 
pedigrees with statistical and biographical 
notes. A survey of the charts shows that 
the introductory observations of the 
author are well founded. There is a very 
high degree of assortative mating and fre¬ 
quent appearance in each generation of 
mental and physical defectives. 

It can be foreseen that the conclusions 
will be of interest and importance. 



Enfance et HfiidjDiTii. 

By A. Lesage. Masson et Cie, Paris . 2x3 

francs. 7J x 5J; 104 + 10 plates; 1933 
(paper). 

A brief summary of clinical notes on hered¬ 
itary taints observed in infants, in particu¬ 
lar cranial malformations and signs of 
arthritic diathesis. The author desires to 
emphasize the fact that many obscure 
ailments are not to be attributed to ex¬ 
ternal causes but to faultv heredity, and 
therapy should be directed accordingly. 



GENERAL BIOLOGY 

Adaptation. £cologie et Biocceno- 
tique. Actualitis Scientifiques et Industrie 
elles jo$. Exposls de Biologic Hcologique. 
By Marcel Prenant . Hermann et Cie, 
Paris . 15 francs. 10 x 6$; 60; 1934 
(paper). 

The central idea of this brilliant and pene¬ 
trating study is the necessity for the physi¬ 
ological analysis of the environment if the 
phenomenon of adaptation—which is es¬ 
sentially the correlation between organism 
and environment—is to be understood. 
The discussion begins with a chapter on 


the tremendous power of living material 
to expand in space and time. As the 
author truly says this is the essential fact 
of adaptation, and indeed the central idea 
of biology. This is followed by a chap¬ 
ter on the great complexity of the physical 
environment, in which it is emphasized 
that, for example, the limits of viability 
of an organism relative to a particular en¬ 
vironmental agent such as temperature, as 
determined by the physiologist in the 
laboratory, rarely agree with those found 
by the ecologist in nature. The next 
chapter discusses the interaction of organ¬ 
isms in nature, on the basis particularly 
of the work on experimental populations 
of Pearl with Drosophila , Park with Tri- 
bolium , and the mathematical analyses of 
Lotka and Volterra. A final chapter on 
biocenosis and ecology argues for the 
reality of true association of living things, 
with concomitant biological interactions- 
Professor Prenant reaches the general 
conclusion that the relation between 
organism and environment cannot be 
completely and realistically analyzed in 
physico-chemical terms alone. There are 
tour short appendices and a bibliography 
of seven pages. 

Altogether this little book is a contribu¬ 
tion to theoretical and philosophical 
biology of the very first rank of impor¬ 
tance. 



The Jungle in Sunlight and Shadow. 
By F. W. Champion. Charles Scribner s 
Sons 9 New York. $7.50. 10 x 7J; xvi -f- 
270 + 95 plates; 1934. 

Of the making of books about the jungle 
and its inhabitants there is no sign of any¬ 
thing approaching an end. But this 
particular one will stand for a long time 
m a class by itself. In the first place the 
author is a trained zoologist in the Indian 
Forest Service, and writes an intelligent 
and charming text, informed with an im¬ 
mense knowledge of the jungle and its 
denizens. In the second place his illustra¬ 
tions, of which there are some ninety-five 
full page half-tone plates, are simply and 
literally superb. And the book is not, 
like so many in its general class, merely 
about elephants and/or tigers. Mr. 
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Champion shows us a wide range of rarer 
animals in his zoo. His chapters on the 
ratel or honey-badger and the pangolin 
make definite contributions to knowledge. 
Strange creatures both are. 

No student of ecology or animal be¬ 
havior should miss this book. And we 
suppose all sportsmen will want it on 
their library shelves, though one can but 
wonder what a hunter’s reaction would 
be if he were really to grasp Mr. Cham¬ 
pion’s viewpoint about wild life. For he 
never harms or kills an animal. His 
sympathy with living nature is without 
limits or bounds. Yet he is no sentimen¬ 
talist, and his discussion of the balance of 
nature is one of the most realistic and 
penetrating to be found anywhere in 
Diological literature. 

There is a detailed index and a brief 
glossary of Indian vernacular terms. 


Nature Chats. A Year Out-of-Doors, 

By John H. Furbay. Science Press Printing 
Co ., Lancaster , Pa. $1.75. 8| x 5J; £v 


+ * 55 ; Wl- 

Unless modern youth is considerably less 
“hard-boiled” than it claims to be, this 


volume will not do much to increase inter¬ 


est in nature study. There is more poetry 
than nature to the book. There arc nearly 
fifty illustrations, all but one or two of 
which arc pen and ink drawings. They 
do nothing to redeem the book. 


Wasps do not store any food. Some honey is made 
for feeding the young wasps, but it is never stored 
in the nest. They seem to live only for the pure joy 
of living. They remind us of the words of Burroughs 
who said that the game of life itself is worth all the 
trouble and pain it takes to play it. They work all 
summer building a nest which they will never live in; 
yet how happy they seem to be while doing it. 
And, after all, our own lives are not very different. 


Contribution A l'£tude du Peuplement 
Z oOLOGIQUE ET BoTANIQUE DBS IlES DU 
Pacifique. Memoires de la Sociiti de Bio - 
giographie IV. 

By L. Borland y J. BerlioE. H. Bryan , 
E. Cheesmany L. Joleaudy L. Chopard , L. 
Germain , A. Guillauminy K. Holdhaus , 
Mumford and Adams on y P. Rivet , L. 
Seurat , C. Skottsbergy E. Topsenty C . Val- 
laux. Paul Lechevatier et Fils 9 Paris. 
70 francs. 10 x 6£; 2.88; 1934 (paper). 
This is a collection of sixteen papers by as 
many authors on plant and animal dis¬ 
tribution on the islands of the Pacific 
Ocean. Four papers deal specifically with 
insects, three with vascular plants, and 
there arc single papers on sponges, spiders, 
birds, paleontology, and human ethnol¬ 
ogy. Other papers deal with the flora 
ana fauna of certain archipelagoes. It 
appears from these papers that serious at¬ 
tempts are well under way to obtain sys¬ 
tematic and representative collections of 
the flora arid fauna of the smaller islands 
of the Pacific in place of the casual and 
sporadic' collections hitherto available. 
Three of the papers are in English and one 
is in German. All of the articles are 
accompanied by bibliographies and a few 
of them by maps. 


Les Probl^mes de l*H6r^dit6 et du Sexe. 
Bibliothique Gcnlralc Illustrie. 25. 

By Jean Rostand. Les Editions Rieder t 
Paris. 10 francs (paper); 15 francs 
(cloth). 8 x 6; $z + 60 plates; 1933. 
M. Rostand writes well and lucidly on 
Mendclism, the chromosomes, sex, par¬ 
thenogenesis, mutation, influence of en¬ 
vironment on organisms, and eugenics, 
making this one of the best brief accounts, 
designed for the general reader, we have 
seen on these subjects. The author has 
provided a short bibliography of general 
treatises, and sixty excellent photographic 
plates. 



La Cellule et les Protozoaires. Actu- 
alitis Scientifiques et Industrielles 106 . Lo¬ 
gons de Zoologie et Biologie Glnlrale. 

By Georges Bohn. Hermann et Cie 9 Paris . 
18 francs. 10 x 6J; 12.1; 1934 (paper). 
Reproduction. Sexuality. H£r£dit&. 
Actualitls Scientfiiques et Industrielles 120. 
Logons de Zoologie et Biologie Ginirale . 

By Georges Bohn. Hermann et City Paris . 
15 francs. 10 x 6J; 89; 1934 (paper). 
These two brochures constitute the first 
two numbers of a scries of five designed for 
the use of students of general biologv and 
zoology. The first treats the cell and 
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protozoa; the second embryonic mecha¬ 
nisms, sexuality and genetics. They are 
well written, and the illustrations and 
printing are good. 



Ideen und Idealb der biolooischen 
Erkenntnis. Beitrdge %ur Theorie und Ges - 
chichte der biologischen Ideologien. 

By Adolf Meyer. Johann Ambrosius Barth , 
Leipzig. 9.75 marks. 9! x 6J; xiii + 
101; 1934 (paper). 

[An extended review of this book will 
appear in a later number. Editor.] 



Conferences Faites au Laboratoire de 
Microbiologie de la FacultE de Phar- 
macie de Nancy. Fascicule VI. 

Laboratoire de Microbiologie de la Faculti 
de Pharmacies Nancy. 9f x 6£; 37; 1934 
(paper). 



HUMAN BIOLOGY 

Reminiscences (Mainly Personal) of 
William Graham Sumner. 

By A. G. Keller. Yale University Press , 

New Haven , Conn. $2..00. 8f x 6; no; 

Wh¬ 
in an age when the laissez-faire viewpoint 
is moribund—or is it? We shall know 
better after next November—it might 
seem that a figure like Sumner had lost his 
significance. It is true that Roosevelt has 
rcpopularizcd—and incidentally misap¬ 
plied—his once famous phrase, “The For¬ 
gotten Man," but Sumner’s Forgotten 
Man, "the clean, quiet, virtuous, domestic 
citizen, who pays his debts and his taxes," 
stands to lose rather than to gain bv the 
New Deal. Yet it is our loss if we forget 
the strictures of an honest and forthright 
critic. There is certainly no lack of time¬ 
liness in the following passage, for in¬ 
stance: 

The government is to give every man a pension, 
and every man an office, and every man a tax to raise 
the price of his product, and to clean out every man's 
creek for him, and to buy all his unsalable property, 
and to provide him with plenty of currency to pay 


his debts, and to educate his children, and to give 
him the use of a library and a park and a museum 
and a gallery of pictures. On every side the doors of 
waste and extravagance stand open; and spend, 
squander, plunder, and grab are the watchwords. 
We grumble some about it and talk about the greed 
of corporations and the power of capital ana the 
wickedness of stock gambling. Yet we elect the 
legislators who do all this work. Of course, we 
should never think of blaming ourselves for electing 
men to represent and govern us, who, if I may use a 
slang expression, give us away? What man ever 
blamed himself for his misfortune? We groan about 
monopolies and talk about more laws to prevent the 
wrongs done by chartered corporations. Who made 
the charters? Our representatives. Who elected 
such representatives? We did. How can we get 
bad law-makers to make a law which shall prevent 
bad law-makers from making a bad law? That is, 
really, what we are trying to do. If we are a free, 
self-governing people, all our misfortunes come right 
home to ourselves and we can blame nobody else. 
Is any one astonished to find that men arc greedy, 
whether they arc incorporated or not? Is it a revela¬ 
tion to find that we need, in our civil affairs, to devise 

f iarantees against selfishness, rapacity, and fraud? 

have ventured to affirm that government has never 
had to deal with anything else. 

The writer of these reminiscences was a 
student of Sumner’s and later his colleague 
and successor. A systematic biography 
of Sumner having been already given to us 
by Starr, Keller aims rather to perpetuate 
Sumner’s personality, his influence in 
clearing his students’ minds of cant, the 
personal kindliness that lay behind a 
somewhat forbidding exterior. One char¬ 
acteristic story is of his address to a con¬ 
vention of school teachers which was giv¬ 
ing its chief attention to questions of 
pedagogical methodology. 

When I was in college, I knew a fellow who got 
all worked up over bow to study. He had lots of 
theories. He tried it sitting down, lying down, 
standing up, standing on one leg, and so on. When 
the examination came, he flunked and was dropped 
from college He hadn't studied at all. He nad 
spent his time getting ready to do something. He 
didn’t know anything. 



. . . . Something New Out of Africa. 

By HW. Pitman Publishing Corp.> New 
York. $5.00. 9J x 7J; xx -f 108 -f 4 
folding maps; 1934. 

Wc really do have something new in HW’s 
account of his travels along the air routes 
of Africa. Having commanded the Squad¬ 
ron of the Royal Air Force in the Sudan 



THE QUARTERLY REVIEW OF BIOLOGY 


he is thoroughly versed in the art of flying 
in this land ana not only for the prospec¬ 
tive pilot but for the air traveler as well 
his report of conditions and of the tech¬ 
nique of dealing with them from a flyer’s 
viewpoint is invaluable. 

Over one hundred excellent photo- 

f raphs, many taken from the air, depict 
gyptian pyramids and temples, Africans 
in their native costume or rather lack of 
costume, and herds of wild animals in their 
natural habitat. Some of the latter are 
striking illustrations of the blending of 
the animals with the landscape. There 
are several examples of Abyssinian art, 
one of them being a colored reproduction 
of a pictorial narration of the story of the 
Queen of Sheba and how the wicked King 
Solomon “done her wrong.'* 

It is interesting to learn that the noise 
of an airplane at a reasonable height docs 
not alarm the wild animals to any great 
extent. Maps keep us informed of our 
whereabouts and, since use of them does 
not involve a complicated system of fold¬ 
ing and unfolding, we really use them with 
case and interest. The author informs us 
that at last the airplane can be the main 
instrument in solving a difficult and se¬ 
rious problem: the smuggling of slaves 
and other contraband. A boat hidden 
behind a reef is not hidden long if one can 
search from above. The method of 
“tracking down*' the boats and the in¬ 
spection process reads like a new adventure 
story. 

HW is thoroughly in earnest about the 
importance of developing air transporta¬ 
tion in a continent which, he feels, needs 
foreign intervention but so far gains slowly 
under it. This is due largely to the differ¬ 
ent climatic conditions, to the different 
policies of the various countries in their 
colonies, and to the natives themselves, 
who are slow to desire progress, scattered 
and impossible to unite, being bound often 
by tribal superstitions that go back for 
hundreds of years. 

Gordon and Kitchener return to us in 
the vivid descriptions and excellent pho¬ 
tographs of Khartoum and of the now 
deserted city of Suakin. HW has given 
us an extremely* readable travel story. 
He has not overstressed the distinguished 
passengers, such as the Prince m Wales 


and the King of the Belgians, who have 
flown with him, but has given a modest 
and appropriate tribute to them, remem¬ 
bering that this book is on Africa and 
what “air mindedness" has done and can 
do for the continent. 



Five Fur Traders of the Northwest. 
Being the Narrative of Peter Pond and the 
Diaries of John Macdonell, Archibald N. 
McLeod, Hugh Faries, and Thomas Connor . 

Edited by Charles M. Gates . University of % 

Minnesota Press, Minneapolis . $3.50. 

81 x 5$; vii + zq8 ; 1933. 

Peter Pond, the author of the first of these 
documents, was an adventurous Yankee 
of the eighteenth century who began his 
career as a provincial trooper in the French 
and Indian wars and took part in Abcr- 
cromby's disastrous expedition against 
Ticonaeroga. About 1765 he established 
himself as a trader at Detroit and for more 
than twenty years was engaged in trading 
and exploration in the Northwest. Much 
of his narrative was unfortunately de¬ 
stroyed as waste paper; the greater part 
of what remains describes his explora¬ 
tions in the Upper Mississippi valley in 
the years 1773-1775 . The following ac¬ 
count of the mourning customs of the Fox 
Indians illustrates both his libertarian 
spelling and the vividness of his descrip¬ 
tions : 

We asended that River til we Cam to a High Pccc 
of Ground whare that Nation yous to Entar thare 
Dead when thay Lived in that Part. We stopt hear 
awhile finding Sum of that Nation on the Spot Who 
Came thare to Pay thare Respect to thare Departed 
frend. Thay Had a small Cag of Rum and sat around 
the grave. Thay fild thar Callemeat [Calumet] 
and Began thar saremony By Pinting the Stem of the 
Pipe upward—then giveing it a turn in thare and then 
toward ye head of the Grav—then East & West, 
North & South after which thay smoaked it out 
and fild it agane & Lade [it] By—then thay took 
Sum Rum out of the Cag in a Small Bark Vessel and 
Pourd it on the Head of the Grave By way of giving 
it to thar Departed Brother—then thay all Drank 
themselves—Lit the Pipe and seamed to Enjoi them¬ 
selves Vcrcy well. Thay Repeated this till the 
Sperit Began to Operate and thare harts Began to 
Soffen. Then thay Began to Sing a Song of two But 
at the End of Every Song thay SofFened the Clay. 
After Sumtime Had Relapst the Cag had Bin Head 
often. Thay Began to Repete the Satisfaction 
had with that friend while he was with them and 
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How fond he was of his frends While he Could Git a 
Cag of Rum and how thay youst to In joy it togather. 
They Amused themselves in this manner til thay all 
fell a Crying and a woful Nois thay Mad for a While 
til thay thought Wisely that thay Could Not Bring 
him Back anait would Not Due to Greeve two much 
—that an application to the Cag was the Best Way 
to Dround sorrow & Wash away Greefc for the 
Moshun was soon Put in Execution and all Began to 
be Marcv as a Party Could Bea. Thay Continued 
til Near Nitc. Rite Wen thay Ware More than Half 
Drunk the men began to aproach the females and 
Chat frelay and apearantley friend ley. At Lengh 
thay Began to Lean on Each other, Kis & apeared 

Vercy amaras.I Could Observe Clcarlcy this 

Bisiness was first Pusht on by the Women who made 
thare visit to the Dead a Verey pleasing one in thare 
Way. One of them who was Quit Drunk, as I was 
By [my] Self Seating on the Ground observing thare 
Saremones, Cam to me and askt me to take a Share 

in her Bountey.But I thought it was time to 

Quit. 

At this time Pond was an independent 
trader; later he took part in organizing 
the Northwest Company of Montreal, of 
which the four diarists of this volume were 
partners or clerks. Macdonell’s diary 
gives a narrative of the journey along the 
main thoroughfare to the Northwest: 
from Montreal by the Ottawa River and 
Lake Nipissing to Lake Superior and 
thence by the Lake of the Woods to Lake 
Winnipeg. McLeod’s diary describes the 
daily life at a post on the upper Assini- 
boine, Faries* at the Rainy Lake post near 
the Lake of the Woods, and Connor’s at 
one in the St. Croix valley in what is now 
eastern Minnesota. 

The fur trader had to be a tough baby. 
A weakling would have had little success 
in collecting the debts which the Indian 
hunters owed him, circumventing his 
rival traders, keeping his hunters on their 
job of supplying the post with meat, and 
disciplining or sometimes defending his 
post against “drunk and troublesome” 
Indians. 

The University of Minnesota and the 
Minnesota Society of the Colonial Dames 
of America may well feel proud of this 
scholarly and beautifully printed volume. 
If some other patriotic societies would 
confine their activities to such worthy 
enterprises as this they might come to be 
regarded as useful organizations rather 
than as public nuisances. 


Ethics and Moral Tolerance. 

By Arthur K. Rogers. The Macmillan 

Co.y New York . $x.50. 7$ x 5^; v + 

313; 1934. 

This book is addressed to a generation for 
which the traditional sanctions have lost 
their force. The problem therefore arises: 
should each man do what is right in his 
own eyes, so far as this does not trespass 
too radically on the well being of others, 
and concede a similar privilege to every¬ 
one else, or is there a more public hier¬ 
archy of values by which a man’s acts may 
be assessed? From his analysis of the 
nature of values Professor Rogers con¬ 
cludes that they consist ultimately in the 
individual sentiment of approval or dis¬ 
approval. Yet this conclusion need not 
necessarily imply our first alternative. 
The general likeness of human nature furn¬ 
ishes a basis, not for rigid moral criteria, 
but for “a somewhat indeterminate and 
plastic goal which exercises an emotional 
compulsion.” We cannot profitably 
argue with the tiger on ethical subjects; 
he is what he is, and any condemnation 
of his lack of our sentiments is irrele¬ 
vant. Nor can we argue with the tiger 
in human form; only on the supposition 
“that a man's present judgment does not 
exhaust his potential capacities of insight, 
and that in proportion as this genuine 
nature comes to light his ways of judging 
and of feeling may be expected to approxi¬ 
mate to ours” have we the right to indulge 
our moral feelings. This is not a doctrine 
which encourages moral zealotry but 
rather the attempt to understand the other 
fellow’s viewpoint, even though finally 
we may not agree with him. 

The man who indulges indiscriminately in moral 
indignation and who hugs his moral antipathies to 
his bosom as a proof of his finer sensibilities is on the 
road to developing qualities of doubtful social merit; 
the hatred of injustice—a thing quite indispensable 
in morality—is likely to turn sour and become an 
animosity toward human beings who outrage our 
sensibilities or flout our prejudices. Like any other 
natural feeling indignation must be disciplined 
before it can become a virtue, and a part of this dis¬ 
cipline will consist in shunting it from' our human 
fellow to the obnoxious qualities which, though 
they may fill our eye for the moment, are certainly 
not the whole of him. 
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Thb Chinese. Their History and Culture . 
Volumes I and IL 

By Kenneth S. Latourette. The Macmillan 

Co.y New York . $7.50 per set. 8J x 5}; 

Vol. I, xiv + 506; Vol. II, 389 + fold¬ 
ing map; 1934. 

These two volumes belong with the group 
of the most important recent books on 
China. The writer brings vividly before 
the reader China’s brilliant past and the 
causes of her present chaotic state. A 
great race, more nearly uniform than 
India, Europe or America, until recently 
separated from the rest of the world by 
barriers of mountain, desert and water, 
China developed her political and social 
institutions, her philosophy and economic 
life free from foreign influences. For 
over 1,000 years the political framework 
of China was little changed. Further¬ 
more she was the great teacher of her 
immediate neighbors, especially the Ko¬ 
reans and the Japanese. Within the last 
century this great civilization has been 
in the process of change. In Volume I the 
author discusses the geography and nat¬ 
ural resources of China and gives a sum¬ 
mary of the nation’s history from the 
beginning to the present. Volume II 
deals with population and the main 
phases of the culture and institutions of 
the country as they developed before the 
coming of the European ana the modifica¬ 
tion that European culture imposed upon 
them. A bibliography is appended to 
each chapter. A section is included giv¬ 
ing proper names and Chinese words used 
in the text and their corresponding Chi¬ 
nese characters. There is a carefully pre¬ 
pared index and a large map is attached to 
the final page. 



Ibn Sa’ud. The Puritan King of Arabia. 

By Kenneth Williams. Jonathan Cafe , 

London . 8s. 6d. net. 8 x 5I; 199; 1933. 

His Majesty King Abdul Aziz ibn Abdul 
Rahman ibn Faisal as Sa’ud, more handily 
known as Ibn Sa’ud, is without question 
one of the very greatest figures, if not in 
reality quite the greatest, now living in 
this imperfect world. In the history of 
Islam he bids fair to rank second only to 


the Prophet Muhammad himself. His 
life story, which is simply, accurately and 
fairly told in this volume, is a mine of 
interest for the serious student of human 
biology. 

In exile as a youth, and with nothing 
but the force of his own character ana 
personality in the way of assets, this 
Cromwell of Arabia has made himself the 
absolute sovereign of nearly the whole of 
that great peninsula, and would undoubt¬ 
edly by now be ruling the remainder had 
it not been for the interference of certain 
of the great powers. In his personal and 
public life he obeys literally the tenets of 
the most primitive form of the Islamic 
religion. But at the same time he em¬ 
ploys cverv device of modern applied 
science, radio, the airplane, automobiles, 
etc., to aid him in his job of conquering 
and ruling. Ruthless as he can be ana 
repeatedly has been, he is as much beloved 
as feared by his people, as anyone must 
be who is to rule the Badawin for long. 
In his dealings with other countries, 
which have been trying and difficult, he 
has exhibited a patience and intelligence 
of the highest order. As a diplomat he 
stands in the front rank. 

The book is quietly and conservatively 
written, and is well documented and in¬ 
dexed. We recommend it. 



Maternal Mortality and Morbidity. 
A Study of Their Problems. 

By J. M. Munro Kerr. William Wood 
& Co.y Baltimore. $8.15. 9J x 7J; 

xviii + 381; 1933. 

The author of this book has been for 
many years professor of midwifery in the 
University of Glasgow and obstetric 
surgeon in the Glasgow Royal Maternity 
ana Women’s Hospital. His purpose in 
writing this book is to assemble all 
available information concerning maternal 
mortality and morbidity that has been con¬ 
tributed by different sections of the medi¬ 
cal profession. The material is arranged 
under four general headings: (1) Causes; 
(z) Prevention; (3) Service and (4) Or¬ 
ganization. Chapter VI on “Maternal 
morbidity and subsequent disablement’’ is 
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contributed by Dr. Donald M’Intyre, and 
Chapter VII on ‘ ‘Neonatal death and dis¬ 
ablement,'* by Professor G. B. Fleming. 
In a group of four appendices other phases 
of the general subject are discussed. It is 
the author’s belief that only by full co¬ 
operation of the many different services 
and agencies concerned with maternal wel¬ 
fare can the present unsatisfactory level 
(for England and Scotland) of maternal 
mortality and morbidity be altered. 

The volume includes illustrations, a 
considerable mass of statistical data, a 
design of a maternity hospital with 
suggestions for organization and staffing, 
ana an index. 



The Discoverers of the Fiji Islands. 
Tasman , Cook, Bligh , Wilson , Bellingshau¬ 
sen. 

By G. C. Henderson. John Murray , Lon¬ 
don. 18 shillings net. 9 x 5$; xviii + 

324 -f 37 plates and charts; 1Q33. 

To the average reader this will be merely 
an interesting book on discoverers of the 
Fiji Islands. Only a relatively small num¬ 
ber will appreciate the historical impor¬ 
tance of the work. Professor Henderson, 
in order to clear up the doubt which ex¬ 
isted concerning the exact discoveries 
made by different navigators, provided 
himself with reports, charts and drawings, 
discoverers* log-books, etc., and made 
several cruises through the archipelago, 
tracing out the courses of the different 
voyages and their various discoveries. 
The great names in Fiji exploration arc: 
—Tasman, who set sail from Batavia in 
i64l and made one of the great voyages of 
discovery recorded in history; Captain 
Cook; William Bligh, of Bounty fame; 
James Wilson, with whose voyages in 
1797 began the history of Protestant 
Missions in the South Pacific; and Fabian 
von Bellingshausen, a Baltic German in 
the service of the Russian Government, 
whose journal, which has never been 
translated into English, contains much of 
interest concerning the natives of Ono-i- 
lau. Numerous extracts of the naviga¬ 
tors' journals are included in the volume, 
also copies of their charts. The volume is 
abundantly illustrated and contains in a 


pocket at the end a large map of Fiji show¬ 
ing the tracks of the discoverers. There 
is an index. 



Maternal Mortality in New York 
City. A Study of All Puerferal Deaths 
193 0-1932. 

By the New York Academy of Medicine 

Committee on Public Health Relations; 

Ransom S. Hooker , Director, of the Study . 

The Commonwealth Fund , New York. 

$l.oo. jx6; xxi + 190; 1933. 

In 1930, with the financial aid of the Com¬ 
monwealth Fund, a committee of the New 
York Academy of Medicine courageously 
undertook to determine the essential 
causes of the alleged high maternal mor¬ 
tality in the United States. The com¬ 
mittee, composed of competent and highly 
trained obstetricians and public health 
workers, investigated with the greatest 
care the pertinent details of 1,041 maternal 
deaths in New York City. As a result of 
the most meticulous scrutiny of each case 
it was concluded that 1,343 fatalities 
would have been preventable 4 * .... if 
the care of the woman had been proper in 
all respects." Responsibility for 61 per 
cent of the preventable deaths was placed 
upon physicians, for 37 per cent upon the 
patients themselves, and 1.1 per cent were 
charged to midwives. The direct and 
indirect causes of these deaths varied 
widely, the committee estimating that 
fully 60 per cent were brought about by 
" . . . . some incapacity in the attendant; 
lack of judgment, lack of skill, or careless 
inattention to the demands of the case." 
Thirty-one pages of tables included in the 
appendix indicate the large amount of 
data collected and it may be hoped that a 
much more detailed analysis will be made. 
The book is a classic; it is extremely well 
written and should be in the library of all 
persons who arc truly interested in public 
welfare. 



The Abyssinian at Home. 

By C. H . Walker . The Sheldon Press , 
London. 7s.6d.net. X5;xii +120; 
1933 - 
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In the preface the author states that “this 
book is a translation of Amharic notes, 
which are the statements of natives taken 
down in their actual speech and pieced 
together under the appropriate subject so 
as to read more harmoniously.’* These 
notes describe some of the beliefs, ideas 
and customs regarding religion, personal 
relations and property. However, there 
is no indication how deeply these pervade 
• and influence individual action. Religion 
apparently dominates all phases of life 
but in somewhat the same detached and 
formalistic fashion that it affects the 
people of Southern Europe. Money is an 
all important factor, the form of repara¬ 
tion for most misdeeds and the means of 
obtaining justice. Women are considered 
fickle and therefore are not allowed to 
take oaths and their promises have no 
value. In general they seem to have as 
great a freedom as in some of the occi¬ 
dental countries and through marriage 
become, in financial matters at least, 
partners of their husbands. 

Being entirely objective though not 
complete as stated, this book offers data 
of importance for sociologic analysis and. 
is also very interesting. 

There are a glossary of Amharic words 
and an index. 



Maternal Deaths. A Brief Report of a 
Study Made in is States. Bureau Publi¬ 
cation No. 221 . 

By U . S. Department of Labor , Children s 
Bureau. U. S. Government Printing Office , 
Washington. 5 cents. 9I x 5J; iv + 60; 
1933 (paper). 

An abstract of a full report of a study made 
by the U. S. Children s Bureau of all ma¬ 
ternal deaths which occurred in thirteen 
states in 1917 and in these same states and 
two others in 1918. The report is divided 
into twelve sections. The first two deal 
with*general considerations and maternal 
care. The next nine deal with specific 
causes of death. Each section includes 
statistical tables and charts and concludes 
with comment by the Advisory Com¬ 
mittee. The . final section is devoted to 


recommendations by the Advisory Com¬ 
mittee, both to the medical profession and 
to the general public, for action looking 
to prevention of maternal deaths. 



Selected References in Education, 1933. 
Supplementary Educational Monographs No. 
41. 

By Department of Education , University of 
Chicago. University of Chicago , Chicago. 
90 cents. 9I x 6J; x + 190; 1934 
(paper). 

After the United States Office of Education 
was forced to discontinue the Record of 
Current Educational Publications in 1931, 
the School Review and Elementary School 
Journal started a cooperative enterprise to 
get out monthly lists of selected references 
in education. This volume is a collection 
of these monthly lists for the year 1933. 

The topics under which the items arc grouped 
and the names of the specialists preparing the lists 
are presented in the Table of Contents. The items 
within each list arc arranged alphabetically accord¬ 
ing to authors. This arrangement, it is believed, 
obviates the need for an index. 



Totaram. The Story of a Village Boy in 
India To-day. 

By Irene Mott Bose. The Macmillan Co. y 
New York. $1.90. 8§ x 5I; xvi + 118; 
*933 • 

Totaram is just a dear, every day little 
village boy, much like all boys with 
their favorite haunts, pastimes and love 
of stories. Through this book we learn 
much of the folk lore of India. The 
author is an American who lives in Nag- 

E ur, in the Central Provinces of India. 

1 a nearby village she carries on a demon¬ 
stration garden and chicken run and 
teaches weaving, and there she has heard 
many of the talcs she relates. Totaram 
is friendly and any little boy would be 
pleased to meet him and learn about his 
country. The book is written for a child 
by one who understands and loves chil¬ 
dren. 
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Hib Mystery and Lore of Monsters. 
With Accounts of Some Giants , Dwarfs and 
Prodigies. 

By C. J. S . Thompson. Williams and 

Norgate , London. 7s. 6d. net. 8$ x 5!; 

*56 + 36 plates; 1934. 

A well-written and abundantly illustrated 
popular treatise for the general reader 
on biological monsters of all sorts. As 
D’Arcy Power says in his too-brief fore¬ 
word this is a book “which would have 
delighted the hearts of those inveterate 
sight-seers, Mr. Samuel Pepys and Horace 
Walpole.** The material is treated in 
two substantially equal parts, the first 

S eneral and the second devoted to giants, 
warfs and prodigies. There is a sub¬ 
stantial bibliography and a detailed index. 
This book will usefully adorn any library; 
whether that of a gentleman or that of an 
undergraduate biological laboratory. 



Semeiotica della Costituzione. Dot - 
trina e Metodologia Costitutionale Mor- 
fologica e Funzionale. Estratto dal Trattato 
di Semeiotica. 

By G. Viola. Dottor Francesco Vallardi , 

Milan. 9^ x 6J; v -f Z49; 1933. 

This is a valuable addendum to the au¬ 
thor’s La Costituzione Individuale reviewed 
in this journal (Volume 9, p. 119). Fuller 
explanation is given for the choice of 
measurements taken in relation to their 
anatomic and physiologic significance. 
The anthropometric technique, recording 
and elaboration of data are described in 
every detail. Of special interest arc the 
tables reproducing the somatic data result¬ 
ing from the observations of the author 
and of his students on male and female 
adults and on adolescents of different age 
groups. The book is well indexed. 



Smoke and the Atmosphere. Studies 
from a Factory Town. 

By J. R. Ashworth. Manchester Univer¬ 
sity Press, Manchester . 7s. 6d. net. 8$ x 
5$; xii + 131; 1933. 

This book deals primarily with the meth¬ 
odology of studying atmospheric pollu¬ 


tion. The technical details of the con¬ 
struction, calibration and use of apparatus 
for measuring deposited impurities, parti¬ 
cles carried along by the winds, and matter 
suspended in the air are discussed and the 
natural and artificial sources of variation 
are evaluated. Both the experimental 
work and the statistical analysis of the 
data collected arc carefully done and well 
presented. There is an index. 



Trois Fondateurs de la Medecine Mod- 
erne: Pasteur, Lister, Koch. Demiers Ecrits. 

By £lie Metchnikoff. Fllix Alcan, Paris. 

15 francs. 7% x 4!; xi + 195; 1933 

(paper). 

This is a collection of three articles written 
by E. Metchnikoff a few years before his 
death. The first contains brief biogra¬ 
phies of Pasteur, Lister and Koch, in which 
the author’s manifest admiration and 
devotion add much to an understanding of 
their individual personalities. Of the 
other two articles, one is on the necessity 
of giving children adequate sex education 
and the last is on the significance of “nat¬ 
ural” death, entitled Lamortdu Papillon du 
Murier. Both arc well known and often 
quoted. 



Medical Women of America. A Short 
History of the Pioneer Medical Women of 
America and of a Few of Their Colleagues in 
England. 

Sy Kate Campbell Hurd-Mead. Froben 

Press,, New York. $1.00. 9x6; nz; 

1933 - 

This is a very brief history of the invasion 
of the medical field by women. The 
author seems to feel the need for bolstering 
up the case for the woman physician and 
the tone of the book is decidedly one of 
defense for women in medicine. Thcrcis 
an appendix consisting of an interesting 
autobiography of Elizabeth Cushicr, one 
of the early women doctors. The volume 
concludes with several rather nice photo¬ 
graphs of the early medical women. There 
is an index. 
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The American Family. 

By Ernest R. Groves. /. B. Lippincott 
Co., Philadelphia. $3.00. 8 x 5*; x + 
550; 1Q34. 

The author describes and enumerates the 
economic, social and physiologic factors 
which may have produced the changes in 
the social and personal functions of the 
American family. It is a good review of 
the many investigations on the different 
phases of the problem, but no real attempt 
is made to measure the degree of influence 
of the above factors or determine the 
trend of the changes. 



Addenda to a Bibliography of the Hon¬ 
ourable Robert Boyle. 

By J. F. Fulton. Oxford University Press , 
New York. (Reprinted from the Oxford 
Bibliographical Society , Proceedings and 
Papers, Volume III , Part 3,pp. 339-36 ;.) 
10 X 7i; iv + 17; 1933 (paper). 

This supplement to Fulton’s Bibliography 
of Boyle , reviewed in Vol. 8, pp. 366-7, 
gives a number of editions ana variant 
issues of Boyle’s works not recorded in the 
original bibliography. An advertisement 
of the sale of Boyle's library and two 
poetical references to the bust of Boyle in 
Queen Caroline's Grotto at Richmond arc 
also included. There is an index. 

\k, 

JItudb et Commentaires du Livre Cur- 
ibux d'Ath£n£b “Les Deipnosophistes" ou 
“Banquet des Sages.' 9 
By E. A. Herbodeau. Practical Press , 
London. 3s. 6d. net. 7J x 4J; 106; no 
date (paper). 

The chef at the Carlton in London writes 
about the food, drink and table service 
of the ancient Greeks and Romans, having 
gleaned his material from Athenaeus' 
classic Deif nosophists. 

4 ^ 

Guiding the Adolescent. U. S. Depart¬ 
ment of Labor, Children's Bureau Publication 
No. 12$. 


By D. A. Thom. U. S. Government 
Printing Office, Washington, io cents. 
9i * 5fi v + 94; 1933 (paper). 

Labor under the N. R. A. 

By Carroll R. Daugherty. Houghton Mif¬ 
flin Co., Boston. 15 cents per copy (in 
quantity). 8* x 5I; 38; 1934 (paper). 

Child Labor. Facts and Figures. Bureau 
Publication No. 197. 

By U. S. Department of Labor , Children s 
Bureau. U. S. Government Printing Office, 
Washington. 10 cents. 9J x 5$; vi + 

85; 1933 (paper)- 



ZOOLOGY 

Plant Parasitic Nematodes and the 
Diseases They Cause. 

By T. Goodey . E. P. Dutton and Co., 

New York. $6.75. 8$ x 5J; xx 306; 

1933 - 

This is a very useful account of the life 
histories, geographical distributions, and 
host relationships, of a destructive group 
of plant parasites, and the appearance of 
this book will be welcomed by everyone 
who has to deal with these forms. The 
system of biometric measurements pro¬ 
posed by the late N. A. Cobb is used in the 
description of the individual species. 
For each species there is a separate litera¬ 
ture review which sets forth the known 
information concerning its life history and 
habits, and a list of theplant species it is 
known to parasitize. The book is char¬ 
acterized by a careful attention to detail 
throughout; there arc numerous illustra¬ 
tions; the name of the authority follows 
each Latinized plant and nematode name; 
bibliographies follow each chapter; and 
there is a good index. In a foreword 
Professor R. T. Leipcr remarks: 

As knowledge of the morphology and develop¬ 
ment of a normal, free-living nematode is obviously 
a most desirable pre-requisite to an understanding 
of the parasitic species, one may Justifiably' stig¬ 
matize as a calamity both for the parasitologist and 
the zoologist the universal use in standard text-books 
of zoology of the unnaturally large and revolting 
ascarids of domesticated animals as examples of the 
Phylum Ntmatbelmia. Indeed the traditional teach¬ 
ing in which the nematodes are utilized chiefly as 
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of the phenomena of 'degeneration' 
and 'parasitism’ is probably responsible for the lack 
of appreciation among zoologists {generally of a 
group which displays a unique and highly efficient 
organization and in which the free-living repre¬ 
sentatives outnumber those which have adapted 
themselves remarkably to new environments. 



Papers from Tortugas Laboratory of 
Carnegie Institution of Washington. 
Vol, XXVIII. Carnegie Institution of 
Washington Publication No. 43s. 

Carnegie Institution of Washington , D. C. 

$1.75 (paper); $1.15 (cloth). 10 x 6f; 

361 + 47 plates; 1934. 

The following papers arc included in this 
volume: On the habits and development 
of certain Atlantic Synentognathi, by C. 
M. Brcder, Jr.; Physiology and morphol¬ 
ogy of Porifera exemplified by lotrochota 
birotulata Higgin, by M. W. de Laubenfcls; 
Lime deposition and the bacteria. I. 
Estimate of bacterial activity at the Flor¬ 
ida Keys, by Haldane Gee; Lime deposi¬ 
tion and bacteria. II. Characteristics of 
aerobic bacteria from the Florida Keys, by 
Haldane Gee and Catharine B. Feltham; 
Freezing points of bloods of certain littoral 
and estuarine animals, by A. S. Pearse; 
Observations on the parasites and com¬ 
mensals found associated with crustaceans 
and fishes at Dry Tortugas, Florida, by 
A. S. Pearse; Inhabitants of certain sponges 
at Dry Tortugas, by A. S. Pearse; Animals 
in brackish water ponds and pools at Dry 
Tortugas, by A. S. Pearse; The Botryllus 
type of ascidian larva, by Caswell Grave; 
Kadium radiation effects on regeneration 
in Euratella Chamberlin, by Raymond G. 
Stone; The genus Helicometra and related 
trematodes from Tortugas, Florida, by 
H. W. Mantcr; Variation in size and in 
nitrogen requirements during early devel¬ 
opment of the sea-urchin, Echinometra 
lucunter , by Frederick R. Hayes; Growth 
of some tissues of Ptychodera bahamensis in 
vitro, by L. R. Cary; The selective action 
of certain adverse environmental condi¬ 
tions of the hermit crab ( Clibanarius tricolor 
Gibbcs), by B. W. Kunkel; Two new 
genera and six new species of Amphipoda 
from Tortugas, by Clarence R. Shoe¬ 
maker; Some digenetic trematodes from 
deep-water fishes of Tortugas, Florida, by 


H. W. Mantcr; The mechanism of asym¬ 
metry in the Alpheida, by Hugh H. Darby. 

While the volume is dated 1^34, the 
greater part of the papers were issued as 
preprints during 1933. 



Budgerigars in Bush and Aviary. 

By Neville W . Cayley . Angus and Robert¬ 
son , Sydney. 7s. 6d. 8f x 5^; xvii + 
148; 1933- r 

An abundance of information on the Aus¬ 
tralian parrot has been collected and 

J )leasantly presented. Budgerigars, good 
ood to the aborigines, are commonly 
known as parakeets or love-birds. There 
are chapters on the history of the species, 
its habits in bush and aviary, housing, 
feeding, breeding and management, color 
production and varieties, its training as a 
talker and pet, and diseases and their 
treatment. 

The appearance of the color varieties in 
aviaries during the last one hundred years 
and the manner in which the practical 
breeder handles these, without definite 
knowledge of the genetic factors, com¬ 
bine to make the book interesting. We 
particularly like this in the chapter on 
diseases: 

Mating Fever. Symptoms .—Bird dances and ap¬ 
pears hignly excited. Spreads out wings and takes 
a fit somewhat similar to epilepsy. 

Cause .—Unsatisfied sexual desire. Chiefly preva¬ 
lent in unmated males desiring hen. 

Treatment .—Same as epilepsy and spray head with 
cold water. If possible place in company of hen. 
Failing that, keep him right out of the line of vision 
of any mated hens. 



Termites and Termite Control. A Re¬ 
port to the Termite Investigations Committee. 
Editorial Board: Charles A. Kofoid , Edi- 
tor-in-Cbief; S. F. Light; A. C. Homer; 
Merle Randall; W. B. Herns; Earl E . 
Bowe. University of California Press 9 
Berkeley . $5.00. 9* x 6; xxV + 734; 
X934- 

Thirty-four individuals have collaborated 
to produce this monograph. The work 
was sponsored by the Termite Investiga¬ 
tions Committee which represented mainly 
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institutions and industries having exten¬ 
sive interests in California. C. A. Kofoid, 
Professor of Zoology of the University of 
California, with five others, representing 
zoology, civil engineering, chemistry, 
entomology and forestry, formed the Edi¬ 
torial Board. The study is divided into 
four parts (with fifty-six chapter head¬ 
ings) as follows: (1) Termites and their 
biology; (2.) Chemical investigations; (3) 
Termite resistivity of woods and building 
materials; (4) Prevention and repair of 
termite damage. The volume is exten¬ 
sively illustrated with photographs and 
drawings. Statistical data are exhibited 
in eighty-two tables and a large literature 
list is given. There is no index but the 
arrangement of the table of contents off¬ 
sets to a certain extent the omission. The 
volume will be highly useful to biologists 
and teachers as well as to architects, 
engineers, contractors, building inspectors 
ana users of wood. The proceeds derived 
from the sale of the book will be devoted 
to further research on these destructive 
insects. 



Bumblebees and Their Ways. 

By Otto E. Plath. The Macmillan Co., 
New York. $4.00. 8^ x 5$; xvi + 2.01; 

x 934* 

The author has been studying and writing 
about bumblebees for the past twelve 
years. While he has incorporated in this 
volume some of his articles which have 
already appeared in biological journals, 
these have been thoroughly revised and 
much condensed. The greater portion of 
the volume consists of material hitherto 
unpublished. The life histories and social 
behavior of thirteen species of true bum¬ 
blebees ( Bombus ) and four species of para¬ 
sitic bumblebees (Psithyrus) are described 
in language that the layman can well 
understand. The author has perfected a 
technique (described in Chapters X and 
XI) which will be found highly useful 
both by the amateur and the more serious 
student in observing and experimenting 
with these insects. An appendix gives a 
detailed account of the more important 
North American species of bumblebee. 
The volume is well illustrated, and con¬ 


tains a lengthy bibliography and an index. 
Professor William Morton Wheeler coo*- 
tributes a foreword. 



Exploring the Animal World. 

By Charles Elton. George Allen and Un¬ 
win, London. 3s. 6d. net. 7J x 4}; 119; 

I 933 ; . , 

Mr. Elton always writes interestingly, 
whether it be for the serious student of 
science or the amateur. This little book 
is made up of a scries of British broadcast 
talks given in the spring of 1933, suggest¬ 
ing to the ordinary individual ways in 
which he can get to know the elaborately 
organized animal world as it exists in the 
moors and woods and fields through which 
he walks. The six chapters treat of how 
to look for animals; their manner of work¬ 
ing and resting; their professions; making 
a survey of one particular sector of the 
animal world; animal life at night; sanc¬ 
tuaries for wild life and the part that 
ecology can play in making them success¬ 
ful; plagues of animals, etc. At the end of 
the book is given a brief literature list and 
a brief section on How to survey woodland 
birds. The book is illustrated by several 
woodcuts by Nora S. Unwin. There is no 
index. 



Mauled by a Tiger. Encounters in the 
Indian Jungles. 

By Arthur W. Strachan. The Moray 

Press, Edinburgh and London. 12.S. 6 d. 

8£ x 5§; xi + 179 + 16 plates; 1933. 
Again we are impressed with the heavy 
moral responsibility there attaches to 
being an Englishman. This time it is in 
connection with pursuing and killing 
wounded animals, even at considerable 
risk to life and limb. In fact, that is how 
the author came to be mauled. 

It does not make the reading any easier 
to have a liberal use of native terms which 
have to be followed by their English 
equivalents. But even so this is an inter¬ 
esting account of what actually happens 
where tigers live and steal cattle and have 
to be killed. There is little of the “sport 
for sport’s sake” attitude; it is mostly 
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business and rather casual with no elabo¬ 
rate preparations nor hordes of servants. 
The pictures are delightful. Mos t of them 
are reproductions of the author’s minia¬ 
tures on ivory. 



Man-killers I Have Known. 

By A. J. Siggins. Wright and Brown, 
London. 15 shillings net. 8| x 5J; v + 
312.; [no date]. 

Readers of Shooting with Rifle and Camera 
will not find this volume as interesting as 
the other. The author describes mainly 
the hunt for lions or leopards that have 
turned “man-killers.” There are very 
thrilling incidents but every tale is recited 
in almost identical manner so that towards 
the end they lose interest. Those relating 
to crocodiles arc better written and more 
dramatic. Vague allusions are made to 
human “man-killers” but very little 
actually reported except for a few inci¬ 
dents of native guerrillas and one or two 
alleged examples of Portuguese maltreat¬ 
ment of the natives. For the latter the 
author demonstrates much sympathy and 
even respect for their superstitions. 



The Elements of Experimental Embry¬ 
ology. 

By Julian S. Huxley and G. R. De Beer. 
The University Press, Cambridge; The Mac¬ 
millan Co., New York. $7.00 (U. S. A.). 
8$ x 5J; xiii + 514; 1934. 

Huxley and de Beer have written an ex¬ 
cellent account of experimental embry¬ 
ology, chiefly based on amphibian devel¬ 
opment in the prefunctional stage, in 
which emphasis is laid on relative growth 
as the principle by which determination 
and differentiation appear in an embryo 
derived from a non-diversified egg. There 
is a large amount of data in the literature 
derived from the experimental analysis of 
development available for such a treat¬ 
ment and it has been used to good advan¬ 
tage. There is a large number of good 
illustrations, most of them taken from 
research journals. The bibliography has 


been arranged to serve as an author index 
and there is a separate subject index. 



Handbook of Frogs and Toads. The 
Frogs and Toads of the United States and 
Canada. 

By Anna A. Wright and Albert H. Wright. 

The Comstock Publishing Co., Ithaca, N. Y. 

$2..50. 7§ x 5I; xi + 131; 1933. 

This is an excellent volume for the her¬ 
petologist, ecologist, and field-naturalist. 
It describes clearly and in detail the frogs 
and toads of the United States and Canada, 
and gives much general ecological infor¬ 
mation about their range, habitat, and 
reproductive habits. The brochure is 
profusely illustrated with photographs 
and diagrams and is sensibly bound for a 
handbook. A good bibliography is ap¬ 
pended. 



The Chinese Medical Journal. Vol. 
XLVII, Nos. 11 and 12. Professor Fulleborn 
Memorial. Parasitology Number. 

Peiping Union Medical College, Peiping. 

9 i x 4; 4 02 -; I 933 (paper)- 
A special parasitology number of the 
Chinese Medical Journal prepared as a me¬ 
morial to Professor Dr. F. Fulleborn, 
former Director of the Institute of Tropi¬ 
cal Diseases at Hamburg. In this issue 
361 pages are given to twenty-eight arti¬ 
cles which deal with histopathology, 
morphology of parasites, and various 
biological relationships of parasites in 
human diseases. The contributions arc 
all published in English and are well 
illustrated, and withal give an excellent 
idea of the status of parasitological studies 
in China. Some nineteen pages are given 
to editorials, notes, and news items. The 
issue also carries the index for the 1933 
volume of the Journal. 



La Methods Loewenstein. Appliquee au 
Sang des Bovidis. Acta Veterinaria Neer - 
landica, Tome I , Fasc. 5. 

By C . F. van Oijen. J . v. Boekhoven, 
Utrecht . 9J x 6J; 64; 1934 (paper). 
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A report of the work of the author and his 
collaborators in the Faculty of Veterinary 
Medicine at the University of Utrecht on 
tuberculous bacillemia in animals, follow¬ 
ing the Loewenstein technique. The re¬ 
sults showed that tubercle bacilli were 
detected: 

a. in the venous blood, leaving a tuberculous organ 

(c.g. the udder of the cow;, 

b. in the blood extracted from the Vena jugularis in 

animals after experimental infection, 

c. in the blood extracted from the heart of those 

animals and in one case of spontaneous tuber¬ 
culosis, 

d. in the meat juice from several animals. 



The Cult of the Goldfish. 

By T. C. Rough ley. Angus and Robertson , 
Sydney . 6 shillings. 8f x 5J; xiii + 
146; 1933. 

This is a book destined for a warm recep¬ 
tion by naturalists and the fish-fancier 
clan. It gives information, calmly and 
interestingly, about the numerous varie¬ 
ties of goldfish and presents well the rather 
surprising amount of technical knowledge 
required for their optimal care. Certain 
illustrations add to the value of the book. 



La Vie db la Mante Religieuse. 

By Uon Binet . Vi got Frires , Paris, uo 
francs (paper); 40 francs (dc luxe edi- 
tion). qf x 7f; 91; 1931. 

A brief, but good, account of the life 
history of the fascinating Praying Mantis 
(Mantis religiosa ). It is provided with 
illustrations and a bibliography of six 
pages. We were sorry to note several 
typographical errors, especially the one in 
line 1 of the text where the Christian name 
of the insect is given as reliogisa. 



A Malaria-like Disease of Ducks Caused 
by Leucocytozpon anatis Wickware. Univer¬ 
sity of Michigan , School of Forestry and Con¬ 
servation Bulletin No. 4. 

By Earl C. O f Roke. University of Michi¬ 
gan Press, Ann Arbor. 15 cents. 9x6; 
44+5 plates; 1934 (paper). 


A report on three years of stodyv sof t 
disease that attacks both tame poa wild 
ducks. The stages in the life history of 
the protozoan parasite, Leucocytogomanatis 
Wiclcware, are described in detail; supple¬ 
mented by plates made from cytological 
preparations of the organism. The dis¬ 
seminating host is the common black fly, 
Simulium venustum. Practical methods of 
control are outlined. 



Les Pagures ou Bernards L’Ermitb. 
(Un Exetnple d' Adaptation). Actualitis 
Scientifiques et Industrielles 101. Exposes do 
Biologic Zoolopique. 

By Charles Pereg. Hermann et Cie , Paris . 

9 francs. 10 x 6£; 33; 1934 (paper). 

A highly interesting account of the her¬ 
mit crab and the changes of its anatomical 
structure for adapting it to making use of 
shells and sponges as habitat and protec¬ 
tion. The illustrations are excellent. 



Streifzuge durch die Umwelten von 
Tieren und Menschen. Ein Bilderbuch 
unsichtbarer Wei ten. 

By J. Baron Uexkull and G. Krisgat. 
Julius Springer , Berlin. 4.80 marks. 
7 l x 4f; X + iox; 1934. 

Curious and interesting pictures and de¬ 
scriptions of the environment of animals. 



The Morphology of Haptophrya michi- 
ganensis Woodhead, an Astomatous 
Ciliate from the Intestinal Tract of 
Hemidactylium scutatum (Schlegbl). 
University of California Publications in Zool¬ 
ogy , Vol. 59, No. 12. 

By Mildred Bush. University of California 
. Press, Berkeley, ioj x 6}; 2.6+3 plates; 
1934 (paper). 

A New Race of Chipmunk from the 
Great Basin of Western United States. 
University of California Publications in Z00L 
ogy 9 Vol. 40, No. 6. 

By E. Raymond Hall qnd Donald M> 
Hatfield . University of California Press, 
Btrkelty. ioJ x 6$; 5; 1934 (paper). 
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Publications of the University of Okla¬ 
homa Biological Survey. Volume V. 
No. 1. Howard Atwood Kelly, by A. I. 
Ortenburter and Roberta D. Ortenburger. No. 
2. The Decapod Crustaceans of Oklahoma, by 
E. P . Creaser and A. I. Ortenburter. No. 3. 
The Ecology of the Western Oklahoma Salt 
Plains, by A. I. Ortenburger and R. D. Bird. 
No. 4. Notes on the Occurrence of Mammals in 
the Regions Adjacent to the Salt Plains of 
Northwestern Oklahoma, by H. H. T. Jackson 
and H. E. Warfel. 

University of Oklahoma Press, Norman. 
$1.00. 9x6; 87; 1933 (paper). 



BOTANY 

Plants and Human Economics. 

By Ronald Good. The University Press, 

Cambridge; The Macmillan Co., New York. 

$1.75. l\ x 4ii xii -f- 2.02. -f 8 maps; 

X933- 

A new approach to the study of botany. 
The author aims to make the science of 
plants something more than a means of 
mental discipline. Botanical facts form 
the basis of the text but the emphasis is 
put on the implications of the science from 
a humanistic and economic point of view. 
In order that the reader may more readily 
grasp the general aspects of the book it 
seems best to list the chapter headings. 
An introductory chapter deals with food¬ 
stuffs and raw industrial materials, then 
follow sections on: The nature and sources 
of food; The life of the green plant; Fac¬ 
tors limiting agricultural production; Sci¬ 
ence and agriculture; Cereals and pulses; 
Vegetables: salad plants: fruits; Bever¬ 
ages: sugar and starch: oils and fats: 
spices; Timber, coal and petroleum; Rub¬ 
ber: resins, balsams and gums: tans and 
dyes: fibres; Alcohol: arugs: fodders: 
miscellaneous; The useful products of the 
lower plants: Concluding notes on vege¬ 
table products; The economic botany of 
Great Britain. A series of maps show the 
distribution of foodstuffs and plant prod¬ 
ucts. There is also included an appendix 
giving scientific and English names of 
common plants, a selected reference list 
and an index. 


American Tobacco Types, Uses and Mar¬ 
kets. 

By Charles E. Gage. U. S. Government 

Printing Office, Washington. 10 cents. 

9 $ x 5!; 88 + folding map; 1933 (paper). 
This pamphlet deals with one or the most 
interesting of the industries concerned 
with agricultural products. It is inter¬ 
esting not only because of the stringent 
climatic and eaaphic limitations that con¬ 
front the tobacco grower but because of 
the peculiar preferences of the buying 
public, and the users of tobacco are scat¬ 
tered over enough continents to have 
developed some curious tastes. The treat¬ 
ment is that of the agricultural economist, 
primarily; there are numerous detailed 
statistical tables of crop production in the 
various tobacco producing regions of this 
country, together with notes on the 
amount of caution necessary in interpret¬ 
ing them, and brief descriptions of the 
cultural practices prevailing in different 
sections. Most interesting of the statisti¬ 
cal data, perhaps, are a table showing the 
annual consumption of tobacco products 
in this country since 1880 and a large map 
of the tobacco growing regions. There is 
a large amount of interesting information 
about the human foibles that have to be 
catered to, and, in some cases, explana¬ 
tions as to how apparently arbitrary 
preferences of long standing have arisen. 



A Short History of Gardens. 

By H. N. Wethered. Methuen and Co., 
London, ils. 6d. net. x 5^; xv + 
3 x 3 i *933- 

Mr. Wethered has, one might say, done 
the history of gardens up good and brown. 
One is interested to learn how the geo¬ 
graphical, climatic, and national tempera¬ 
ment of a land and its people affect its 
gardens. The story begins in Egypt, and 
is traced through Homer, the two Plinys, 
the fantastic gardens of Byzantium and 
Baghdad, where trees of gold bore fruits 
of precious gems, the monastery gardens 
of the Middle Ages, and the Renaissance 
gardens of Italy to Versailles and Hamp¬ 
ton Court, and thence through Capability 
Brown to the modern garden, where our 
love of athletics is reflected in the inclu- 
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sion of the tennis court and swimming 
pool. The author has given us a very 
readable history which will interest the 
student of the origin of ideas as well as 
the lover of gardens. There is an index. 



Bergey's Manual of Determinative 
Bacteriology. A Key for the Identification 
of Organisms of the Class Schigomycetes. 
Fourth Edition. 

By David H. Bergey. Assisted by a Com¬ 
mittee of the Society of American Bacteriolo¬ 
gists: Robert S. Breed , Frank M. Huntoon , 
Bernard W. Hammer , E. G. D. Murray , 
Francis G. Harrison. With an Index by 
Robert S. Breed . The Williams & Wil¬ 
kins Co ., Baltimore . $6.00. 9x6; xvi + 

664; 1934. 

Each new edition of this widely used 
manual is larger than its predecessor by 
about 100 pages. In this fourth edition 

Two new genera have been recognized in Tribe 
Bacterieae , namely Genus Brucella and Genus Lister - 
ella. Genus Pfeifferella has been combined with 
Genus Actinobacillus. 

Information was available for the amplification 
of the descriptions of species of the following genera: 
Leuconostoc, Propionibacterium , Bacterioides , and Order 
My xobacter tales. 

Descriptions of about 50 new species have been 
included while several organisms have been omitted 
as distinct species and the names recognized as syno¬ 
nyms for other species. 



Post-Logging Decadence in Northern 
Hardwoods. University of Michigan , 
School of Forestry and Conservation Bulletin 
No. ). 

By Ralph C. Hall. University of Michi¬ 
gan Press , Ann Arbor. 15 cents. 9x6; 

66; 1933 (paper). 

A study contributing to better manage¬ 
ment of our northern hardwood forests. 
The author shows that the bronze birch 
borer is not a primary pest of the forest 
birch, and that post-logging decadence is 
conditioned by many physical, physio¬ 
graphic and biotic factors. The intensity 
of any cutting must be conditioned by the 
general character of the forest and not by 
mere size utility of the trees if injury is to 
be avoided. The ecological data are 


treated statistically, and in a brief appen¬ 
dix the constants used are defined, fblidtt* 
ing the methods popularized by Harris/ 



£tUDB ficOLOGIQUE ET PhYTOSOCIOLOQIQOT 
de l'Association A Brachypodium ramo* 
SUM ET PhLOMIS LYCHNITIS DBS GaRIGURS 
Languedocibnnes. Communication No * /#. 
By F. R. Bharucha. Station Internationa 
ale de Giobotanique Miditerraneenne et 
Alpine , Montpellier. 9^ x 6J; 131; 1937 
(paper). 

A careful and intensive ecological survey 
of the garigue in the vicinity of Montpellier 
was made under the direction of Professor 
Braun-Blanquct, and the results presented 
here arc reprinted from the Beihefte gum 
botanischen Centralblatt , 50: 2.47-379, 1933. 
This association appears to be one of the 
last stages of degeneration of oak forest 
under the influence of cutting and burning. 
The soil, of course, has been greatly influ¬ 
enced by these disturbances, and careful 
attention was paid to its characteristics. 
Almost every method now in use by plant 
ecologists was employed and the whole 
investigation is characterized by thor¬ 
oughness and completeness. 



Culinary Herbs and Condiments. 

By M. Grieve. Harcourt , Brace and Co. 9 
New York. $i.oo. 7§ x 5; v + 2.09; 
1934. 

A book highly useful to all those inter¬ 
ested in the art of cookery. It contains a 
complete catalogue of all the culinary 
herbs with descriptions and details con¬ 
cerning their cultivation. Many recipes 
are given to illustrate the uses of the herbs. 
There is a special section giving recipes 
for home-made wines, herbal beers and 
other herbal beverages, a section on condi¬ 
ments and culinary oils and one on cook¬ 
ing utensils. The volume is indexed. 



Garden Flowers in Color. A Picture 
Cyclopedia of Flowers . 
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By G. A . Stevens . The Macmillan Co. 9 
New York. $3.75. 9x6; 310; 1934. 
This is an attractive assemblage of colored 
illustrations of garden flowers and orna¬ 
mentals. The pictures of each type arc 
accompanied by a brief note on habits of 
growth and flowering, and there arc many 
suggestions on the Best use in planting. 
It should be most useful in planning sea¬ 
sonal color combinations for the garden. 
Reference is facilitated by an index that 
gives both botanical and vernacular names. 



Recent Advances in Plant Physiology. 
Second Edition. 

By E. C . Barton-Wright. P. Blakiston s 
Son and Co., Philadelphia. $4.00 net. 
7 l X 5i; X + 341; 1933. 

This is the second edition of a textbook 
for advanced students of plant physiology 
dealing with recent advances in fields in 
which research is most active at present. 
Onlv minor changes appear to have been 
maac during revision and most of the 
literature references are to articles in 
English. There is an excellent index. 



Silva Fennica 2.7. Der Holfmangel in 
Finnland von 1809, seine Grunde und die 
Massregeln %u seiner Bekdmpfung. 

By Martti Hert £. Society of Forestry in 
Suomi (Finland), Helsinki. 9! x 6f; 66; 
1933 (paper). 

Silva Fennica l8. The PulpwoodQuestion. 
Society of Forestry in Suomi (Finland'), 
Helsinki . 9! x 6f, 142.; 1933 (paper). 

Silva Fennica 19. Vber tdgliche Herstel - 
lungsmengen von Papierhol^ in Perd-Poh- 
jola in den verschiedenen Jahresfeiten. 

By Einar Maliniemi. Society of Forestry 
in Suomi (Finland), Helsinki. 9f x 6f; 
Mi I 933 (paper). 

Silva Fennica 30. Die waldbeutschnische 
Kontrolle der Waldwirtschaft. 

By V. Lihtonen. Society of Forestry in 
Suomi (Finland), Helsinki. 9! x 6f; 51; 
1933 (paper). 


Silva Fennica 31. The Small Timber 
Problem. 

Society of Forestry in Suomi (Finland), 
Helsinki. 9! x 6f ; 2.19; 1933 (paper). 

Silva Fennica 31. Vber die Vegetation des 
Naturparks von Hiisjdvi. 

By Alfred Brandt. Society of Forestry in 
Suomi (Finland), Helsinki. 9! x 6|; 1933 
(paper). 

Silva Fennica 33. Vber die besondere 
Stellung des Waldarbeiters im Arbeitsrecht. 
By Mauno Forsstrom. Society of Forestry 
in Suomi (Finland), Helsinki. 9I x 6|; 30; 
1933 (paper). 

Acta Forestalia Fennica 39. 

Publications of the Society of Forestry in 
Suomi (Finland), Helsinki. 9^ x 6f; 1933. 



MORPHOLOGY 

The Cortical Localisation of Cerebral 
Function. 

By /• Shaw Bolton. Oliver and Boyd, 

Edinburgh. 6 shillings. 9$ x 7!; L3 -f 

12. plates; 1933 (paper). 

In 1831 Mr. William Ramsay Henderson 
died in Edinburgh leaving a trust fund for 
“the advancement and diffusion of the 
Science of Phrenology.* * Although 
Phrenology as Mr. Henderson probably 
understood the term is long since dead the 
problem of the relation between cerebral 
structure and function is still very much 
alive. In this lecture under the Hender¬ 
son Trust Professor Bolton deals with this 
relation in the neopallium, which “pro¬ 
vides for the individual motor educability 
which is the peculiar and paramount char¬ 
acteristic of the mammalia compared with 
the lower forms of animal life.** He 
traces briefly its phylogenetic and onto¬ 
genetic development and correlates the 
gross and microscopic structural defects 
with clinical symptoms. 

The prefrontal cortex is late in evolution, high in 
complexity, and low in stability.' The mental 
disease so common in man is the natural consequence 
of the over-stepping of the limits of capability and of 
durability, ana must be regarded as the penalty still 
paid by man for the gift of volition, ana as evidence 
of the relatively recent evolution, in geological time, 
of this capability. 
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The Anatomy of the Rhesus Monkby 
(Macaca mulatto). 

By T . H. Bast, Kermit Christensen, Harold 
Cummins, Frederick D. Geist, Carl G. 
Hartman, Marion Hines , / 4 . Brazier How¬ 
ell, £r#j* Huber, Albert Kuntz, S. L. 
Leonard, P. Lineback, John A. Marshall, 
Gerrit S. Miller, Jr., Ruth A. Miller, 
Adolf h H. Schultz, T. D. Stewart, William 
J. Straus, Jr., W. E. Sullivan, Geo. B. 
Wislocki. Illustrated by Benjamin Kopel. 
Edited by Carl G. Hartman and William 
L. Straus, Jr. The Williams and Wilkins 
Co., Baltimore. $6.00. 9 x 6; ix + 383; 

I 933- 

Representing largely the individual re¬ 
searches of nineteen collaborators, this 
work furnishes a greatly needed systematic 
handbook of the anatomy of one of the 
most important laboratory animals. A 
chapter is devoted to each anatomical 
system and the senior editor contributes a 
very valuable appendix on the housing 
ana care of monkeys. Without exception 
each section is carefully and concisely 
written; the illustrations by Benjamin 
Kopel arc simply and clearly executed; and 
a complete index rounds out the volume. 
It is certain that the editors’ hope 
that the book attains the immediate ob¬ 
ject of affording a useful description of the 

rhesus monkey for research workers-” 

will be realized. 


Introduction to Cytology. Third Edi¬ 
tion . 

By Lester W. Sharp. McGraw-Hill Book 

Co., New York. $5.00. 9 x 5$; xiv + 

567; 19J4. 

This edition has been altered to improve 
“its adaptability to the needs of students 
with comparatively little experience in 
the special field of cytology, without, 
however, making it an elementary treatise. 
To this end much of the material has been 
rearranged, the treatment of many points 
has been simplified, and certain border¬ 
line topics have been omitted altogether.” 
Most of the citations to literature have 
been transferred to footnotes. The bibli¬ 
ography has been completely revised and 
forty new illustrations added. 


Human Embryology and Morphology. 
Fifth Edition . 

By Sir Arthur Keith . William Wood and 

Co., Baltimore . $10.00. 9 x 5J; viii + 

558 ; 1933 - 

The last edition of this well-known text¬ 
book appeared in 1913. The present edi¬ 
tion has been completely revised and reset. 
Two new chapters—IV on physiological 
and pathological embryology, and XXI 
on organs of digestion (continued)—have 
been added, while much new material on 
experimental embryology has been in¬ 
cluded in the various chapters. Refer¬ 
ences to recent publications have been 
collected at the end of each chapter instead 
of in footnotes as in previous editions. 


The Study of Anatomy. Written for the 
Medical Student. Second Edition, Rewritten 
and Enlarged. 

By S. E. Whitnall . William Wood and 

Co., Baltimore. $1.50. 7i x 4^; v + 93; 
I 933* 

Good advice to medical students about 
many things—necessity of clean hands as 
well as how to study anatomy. Com¬ 
mitted to the thesis that “form is deter¬ 
mined by function” the book outlines the 
way anatomy should be learned. It is not 
in any sense an anatomy laboratory guide, 
but it is full of sensible advice and is very 
interesting reading. There is a bibliog¬ 
raphy of in titles. 



PHYSIOLOGY AND PATHOLOGY 
R6le du Systems Nerveux et des Fac- 

TEURS BlOLOGIQUES ET PSYCHIQUES DANS 

L’Immunit£. 

By S. Mitalnikov. Masson et Cie, Paris . 
•l8 francs. 9} x 6J; 166; 1934 (paper). 
The author summarizes the results of his 
experiments showing the importance of 
the nervous system in immunity. The 
most interesting of these was that of con¬ 
ditioning guinea pigs and rabbits so that 
without antigen injection but only by 
auditory or tactile stimulation the usual 
leukocyte reaction was obtained and for 
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the expected length of time. He reports 
not only leukocytosis but, for the guinea 
pig at least, the usual formula of increase 
m polynuclcars, followed by that of mono¬ 
nuclears . These observations, which may 
be justly doubted, have not been always 
confirmed by other workers. The failures 
are attributed by the author to lack of pre¬ 
cautions in the conditioning of the ani¬ 
mals. He offers as critical proof a series 
of experiments in which, accompanied 
by an external stimulus, he inoculated 
guinea pigs with an emulsion of heated 
staphylococci twenty times. Twenty 
days following the last injection some of 
the animals were given the external 
stimulation and immediately afterwards 
all were injected with a mortal dose of 
B. cbJcrae. Those that had not received 
the external stimulus died within twenty- 
four hours, the others are still alive! 
[Reginald the Office Boy wants to know 
whether the tune played was ‘ ‘Smoke Gets 
in Your Eyes** or the “Marseillaise.” He 
says it might make a difference.] 

Such astounding results deserve further 
experimentation by less sanguine observ¬ 
ers. Apparently, from the author’s de¬ 
scription, the experiments were as well 
conducted and controlled as in most 
laboratories. 

There is a bibliography of 12.1 titles. 



The Brain and Its Mechanism. 

By Sir CharUs Sherrington. The Macmil¬ 
lan Co., New York; The University Press, 
Cambridge . 50 cents (U. S. A.). 7! x 5; 
355 I 933 (paper)- 

In this Rede lecture the distinguished 
neurologist gives a brief account of the 
mechanism of the nervous system and a 
discussion of the mind-body problem. 
He concludes that 

we have to regard the relation of mind to brain as 
still not merely unsolved but still devoid of a basis 
for its very beginning. I am not a defeatist, for I 
would urge active pursuit of the enquiry. Even 
on the old line of deciphering principles of action 
of the brain in its management of muscle in the hope 
of clues to its ways of working in regard to mind. 
Not that any reflex principle seems applicable to 
mental Activity. The reflex implies an end-result 
at which the nerve-process having shot its bolt stops 
and goes no further. But attempted correlation 


of mind with brain activity indicates for the latter 
through-line processes which are in no sense end- 
effects at all. Nevertheless, there are broad anal¬ 
ogies. May we not think that anyhow there is no 
transmission from a, so to say, mental power-head, 
but a subtle spread of action over an unstable train, 
its strength at any point resting on the stability at 
that point? A ghost may be a very weak visual 
stimulus and yet release a large mental reaction. 



Some Factors in the Localisation of 
Disease in the Body. 

By Harold Burrows. William Wood and 

Co., Baltimore . $5.15. x 5J; xi -f- 

199; 1932.. 

Professor Burrows here attempts to bring 
together a large amount of scattered in¬ 
formation on the physiology of the local¬ 
isation of disease processes. The three 
parts of the book deal respectively with: 
(a) localisation of colloidal matter, bac¬ 
teria, and cells from the blood stream; (b) 
changes in the permeability of the capil¬ 
lary endothelium, transport of matter from 
the blood stream to the tissues, and the 
retention of matter by inflamed tissue; and 
(c) a general discussion of the inflamma¬ 
tory barrier and endothelial permeability. 
Three significant conclusions arc drawn 
concerning the conditions which arc 
required for localisation of many blood 
borne diseases: 

1. An abnormal permeability of the 
walls of the small blood vessels. 

1. The presence of forces which will 
transport the noxious agents through the 
endothelial cytoplasm. 

3. The retention of noxious agents in 
the tissues under the influence of inflamma- 
tion. 

The value of the book is enhanced by a 
bibliography of over 400 references, and 
an index. 



Caractbristicas Rbgionalbs de la Pat- 
olooia Digbstiva db Andalucia Occi¬ 
dental y Extremadura. 

By Josi M. a Gonzdle^ Galvan. Dr. Jos( 
M. a Gonzdlez Galvan , Albareda, $0, Se- 
villa, Spain. 9$ x 6f; 44; 1933 (paper). 
This is a study of the sex, dietary habits, 
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general constitution and mode of living 
of 3754 patients suffering from gastroin¬ 
testinal diseases. From these observa¬ 
tions the author attempts to construct 
“personalities’' which he considers asso¬ 
ciated with the different diseases and in a 
wav characteristic of Western Andalusia 
and Estremadura. He describes: the “ul¬ 
cer personality,” usually found in males, 
hara working and of careless dietary 
habits; the “gastritic,” more frequent in 
males who arc great imbibers of wine; 
the “neurotic” found generally in neurotic 
females; the “ptosic, more common in 
women of flaccid physique, cither virgin 
or too fertile multiparous; etc. It is not 
evident that these “personalities” arc 
exclusively characteristic of that region. 

The statistical data of disease incidence, 
though interesting, cannot be used for 
comparison because incomplete. Notice¬ 
able is the small percentage of malignan¬ 
cies (diagnosed in about 3 per cent of the 
patients), but since the age distribution is 
not given the significance cannot be 



Physiology of Muscular Activity. 

By Edward C. Schneider. W. B. Saunders 

Co., Philadelphia. $1.75 net. 7$ x 5I; 

401; 1933. 

Within recent years there has been an in¬ 
creasing number of physiological studies 
on the effects of exercise, some of them 
being comparisons of athletes and non- 
athletes or observations on a group of 
men during a period of training, while 
other investigations have been made on 
athletes participating in the Olympic 
games and other major sporting events, 
particularly the more gruelling events 
like Marathon runs and rowing races. It 
is interesting to note that a trained man 
can perform a given amount of work with 
a smaller consumption of oxygen and with 
a greater mechanical efficiency than an un¬ 
trained man, quite apart from the superior¬ 
ity in coordination to be expected from 
the athlete. Many of these studies have 
been sound contributions to physiology 
and they have served to supplement lab¬ 
oratory experiments in a very useful way. 
This book not only presents the results of 


work of this kind in a very nice way, 
but it also supplies the background in 
physiology necessary for an appreciation 
of the experiments, and it should present 
no great difficulties for anyone with a 
college course in physiology. 

There is a good index and an extensive 
bibliography. 



L’Evolution de la Lutte contre la 
Syphilis. Un Bilan de 2j Ans. Nancy 
*907-19*2. 

By Louis Spillmann. Masson et Cie, 

Paris. 30 francs. 9 x 5I; vii + 191; 

1933 (paper). 

Combining true missionary zeal with a 
sound realistic attitude, Dr. Spillmann has 
for twenty-five years led a campaign to 
check the propagation of syphilis in the 
Moselle district of France. In this vol¬ 
ume he presents his methods and objec¬ 
tives. The means he has used differ from 
those generally adopted by the health 
boards in our more progressive cities in 
two particulars worthy of mention. One 
is the extensive use of propaganda— 
personal appearances, radio talks, pam¬ 
phlets, books, etc., to inform the youths, 
of the working class especially, of the 
signs, symptoms and mode of progression 
of syphilis, emphasizing the necessity 
and benefits of early treatment. The 
other remarkable feature of his organiza¬ 
tion is the success in tracing and eliminat¬ 
ing sources of infection. Like most physi¬ 
cians he realizes the futility of attacking 
prostitution and therefore limits himself 
to attempts to maintain it under strict 
medical control. 

This book should be of encouragement 
to the syphilologists and others who are 
seeking a solution of this important prob¬ 
lem in public health. 



Clinical Studies on the Physiology of 
the Eye. 

By J. Grandson Byrne . H . K. Lewis and 
Co ., London . 10s. 6d. net. 8J x 5$; x + 

144; 1934. 

This volume of some 140 pages is designed 
to aid clinicians in the practical applica- 
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tion of the author's experimental work 
published under the title Studies on the 
Physiology of the Eye . The conclusions 
from the earlier publication arc reiterated. 
Considerable space is given to diagnostic 
case histories supplemented by careful 
descriptions of the eye reactions, photo¬ 
graphic reproductions and diagrams. The 
author shows how the “pseudo-paradoxi¬ 
cal” phenomenon may be useful in dis¬ 
tinguishing between malingerers and true 
sufferers, from injury. And he also devel¬ 
ops the thesis that study of the pupillary 
responses should be made an integral part 
of all routine physical examination. Al¬ 
though the book may not appeal as a 
facile manual, it is full of important clini¬ 
cal, experimental, and practical knowl¬ 
edge directly applicable in diagnostic 
technique. There are bibliographies at 
the end of several chapters, and an index. 


Danielsson , London . 3s. 6d. net. 7$ x 

4!; “3; 1934- „ 

A short history of one of the more special¬ 
ized fields of science might be presumed 
to be cither a carefully selected group of 
dramatic incidents in the development of 
the discipline or a compact compendium 
of dates, names and facts. Good books 
of the former kind, like Sir Michael Fos¬ 


ter’s The History of Physiology , are rare and 
it is the privilege of few to write them. 
Quite certainly Doctor Goodall has not 
succeeded. Beginning with a short chap¬ 
ter on the nature of infection and a brief 


review of the notable epidemics, the 
author summarizes rapidly pertinent facts 
in the history of plague, small-pox, chick¬ 
en-pox, measles, and so on, and closes 
with a short note on epidemiology and 
prevention. The book is carefully and 
painstakingly, but not very interestingly, 
written. 


Veterinary Hygiene. Second Edition. 

By R. G. Linton. W. Green and Son , Lon¬ 
don. xi shillings. 9I x 6; xix + 471; 

I 934- 

This book first appeared in 1911. It was 
written for the veterinary student, the 
practitioner and others concerned with the 
well-being of animals. The second edi¬ 
tion has been thoroughly revised and 
extended. The section on Sanitary Law, 
appearing in the first edition, has been 
omitted; also the greater part of the sec¬ 
tion dealing with preventable diseases, 
only an account of those notifiable in 
Great Britain being retained. A section on 
the housing of poultry and an account of 
the more common diseases has been added, 
also sections on dips and dipping and on 
construction of dog kennels. That part 
treating of the processes involved in sew¬ 
age purification has been extended. The 
volume contains numerous diagrams and 
photographs, statistical data and occa¬ 
sional references to literature. It is in¬ 
dexed. 



A Short History of the Epidemic Infec¬ 
tious Diseases. 

By E. W . Goodall . John Bale , Sons and 


Cold Spring Harbor Symposia on Quan¬ 
titative Biology. Volume I. 

The Biological Laboratory , Cold Spring 

Harbor , Long Island , N. Y. $1.90. iof 

x 7I; xi + 2.39; 1933* 

The twenty-eight short papers in this 
volume were read by invitation at the Cold 
Spring Harbor Symposium on Quantita¬ 
tive Biology in July 1933, and arc char¬ 
acterized by their mathematical approach 
to the biological problems concerned. 
For the most part the subjects discussed 
can be grouped under the headings of 
biocolloids, electrophysiology, and oxida¬ 
tion-reduction phenomena m living sys¬ 
tems, and they are presented in the form 
of lectures to advanced students of the 
subject. The papers arc followed by 
short bibliographies and bv digests of the 
discussion which followea their reading. 
This is intended to be the first of a scries 
of annual symposia. 



Versuchb einbr Deutung der Patho- 
genese der Skblbttvbranderungen bei 
Chondrodystrophia Fobtalis (Kauf- 
mann). Acta Patbologica et Microbiologica 
Scandinavica , Supplementum if. 
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By Ake Wilton . Levin and Munksgaard, 
Copenhagen . Dan. Cr. io. io x 6 %; 168; 

Th/^autfor^f this excellent study of 
Chondrodvstropbia foetalis concludes that 
the etiology of this disease is the same as 
that of rickets, except that it attacks the 
individual in intra-uterine, rather than 
extra-uterine, life. The same biological 
disturbances—deficiency of vitamines, hor¬ 
mones or organic salts, or lack of balance 
among them—are involved in both dis¬ 
eases. Thfe author suggests that the 
name Chondrodystrophia foetalis be replaced 
by the older and more correct designation 
Rachitis foetalis. A five-page bibliography 
is appended. 


A Short History of Physiology. 

By K. J. Franklin. John Bale, Sons and 
Danielsson, London . 3s. 6d. net. x 

4; vii + ill; 1933. 

This is one of a scries of histories of the 
medical sciences under the editorship of 
Arnold and Maurice Sorsbv. After an 
account of the Greek physiologists, chap¬ 
ters are devoted to Leonardo da Vinci and 
Vcsalius. The work in the sixteenth 
century on the pulmonary vascular system 
and the valves of veins is then traced, 
leading up to Harvey’s demonstration of 
the circulation of the blood. With the 
quickened pace of physiological research 
in the centuries since Harvey, it is inevi¬ 
table that a short histonr should record the 
work of this period in less detail. In his 
preface the author acknowledges his chief 
sources. There is an index of names. 


Contagious Diseases. What They Are and 
How to Deal With Them. 

By W.W. Bauer. Alfred A. Knopf, New 
York. $l.oo net. 7f x 5; xiv -f 118; 
* 934 - 

Grandmother’s “doctor book’’ gone mod¬ 
ern! And really modem and up-to-date. 
The author furnishes the mother of a 
family with good, sound, yet simple 
advice about some of the things a public 


health department should do and what she 
should do about contagious diseases. 
The section on immunity is very good. 
There are separate chapters on the aiffer- 
ent diseases as well as practical sugges¬ 
tions on the care of the sick. There is a 
glossary of terms and an index. 


Hydrologib Experiment ale. 

By Maurice Villaret and L. Justin-Besan- 

gon. Masson et Cie, Paris. 50 francs. 
9 s X 6 f; 271; 1933 (paper). 

A study of mineral waters from European 
spas as they affect the contraction of iso¬ 
lated smooth muscle fibers. There arc 
some ilo kymographic tracings which 
clearly show change in tonus, rhythm, 
and other effects such as antagonisms to 
stimulating chemicals. The author re¬ 
ports constant reactions for a given water 
with a fixed technique. However, he 
reserves any broad clinical or biological 
conclusions, and offers his data as descrip¬ 
tive material in characterization of the 
waters. 





Our Mysterious Life Glands and How 
They Affect Us. A Popular Treatise on Our 
Glands and Their Secretions—What They Do 
to Us, How They Affect Our Health , Growth, 
Appearance, Temper, Mentality, and Char¬ 
acter, Including The Vitamins. 

By William J. Robinson. Eugenics Pub¬ 
lishing Co., New York. $l.5o. 8J x 5J; 
xx + L91; 1934. 

A volume by a prolific writer presenting 
general knowledge about the relation of 
our cndocrincs to our well-being. The 
book has the attribute of text organiza¬ 
tion and to some readers it will be inter¬ 
esting—possibly even exciting. Biolo¬ 
gists (not medicoes) may take exception 
to the following statement: 


.... With All due respect to our relations—mice, 
rats, rabbits, guinea pigs, capons, and tadpoles— 
sexuality is so different in man than it is in other 
species, that great as are the similarities, the differ¬ 
ences are still greater. 
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La Syphilis Experiment ale. Etude Cri¬ 
tique et Nouvelles Recherches. 

By P. Gastinel and R. Pulvenis. Masson 

et Cie, Paris. 45 francs. 10 x 6$; 244; 

1934 (paper). 

A comprehensive study on experimental 
syphilis with particular reference to the 
authors’ own work on rabbits. Of major 
interest to the biologist and clinician 
appear the observations on the several 
types of lesions, the different organic 
reactions to infection, the various factors 
which modify the evolution of the dis¬ 
ease, the nature and mechanism of immun¬ 
ity and its relation to allergic phenomena. 
The authors attach great importance to 
the Mcinicke test and offer considerable 
evidence to prove its sensitivity and valid¬ 
ity. 



The Modification of Vestibular Nys¬ 
tagmus by Means of Repeated Elicita¬ 
tion. Comparative Psychology Monographs , 
Vol . p, No. Sy Serial No. 4s. 

By 0 . H. Mowrer. The Johns Hopkins 

Press , Baltimore. 75 cents. 10 x 6f; 48; 

1034 (paper). 

Reduction of post-rotation nystagmus 
takes place when pigeons are subjected to 
repeated rotations for a certain length of 
time and in given conditions. The merit 
of this report consists in showing that this 
phenomenon is markedly evident when 
the animals arc subjected to bodily rota¬ 
tions with vision excluded. The mech¬ 
anism underlying this ’‘habituation” is 
unknown, but there arc various theories 
which the author reviews. The experi¬ 
ments have been well conducted, though 
on relatively few animals. There is a 
bibliography of 65 titles. 



TraitE de Physiologie Normals et 
Pathologique. Tome V: Respiration. 

By Uon Binet, L. Dautrebande, H. Her- 
mann, C. Hey mans, Pierre Thomas . Pub¬ 
lished under the direction of G.-H. Roger 
and Uon Binet. Masson et Cie, Paris . 


80 francs (paper); 100 francs (cloth). 

9$ x 6f; xvi + 474; 1934. 

In this volume of the comprehensive 
eleven-volume French text book of physi¬ 
ology L. Binet contributes chapters on 
the histophysiology and biochemistry of 
the lung, the internal functions of the 
lung, and physio-pathological studies of 
various respiratory disturbances; P. Thomas 
contributes a biochemical study of 
respiration; L. Dautrebande writes of the 
ascous exchanges; and H. Hermann of 
asal metabolism. The high standard set 
in earlier volumes is well maintained. 



Physiopathologie des Syndromes Endo- 
criniens. 

By Noel Fiessinger. Masson et Cie , Paris. 

40 francs. 9! x 6i; 317; 1933 (paper). 

A concise but thorough review of the most 
important studies on the physiology and 
pathology of the endocrine glands and of 
the other organs which also secrete in¬ 
ternally. The authority of the writer, 
combined with the clarity of style, makes 
this an excellent textbook. The various 
experimental procedures from which the 
fundamental physiologic facts have been 
derived arc described in detail. There is 
no index. 



L’ Excitation Electriqub des Tissus. Es - 
sat d' Interpritation Physique. 

By A.-M. Monnier. Hermann et Cie , 

Paris. 85 francs. 10 x 6$; xvi + 316; 

1934 (paper). 

This highly technical study on the electric 
stimulation of tissues is based on the work 
and hypotheses of Lapicque. The author 
attempts to give a purely physical inter¬ 
pretation of these phenomena and arrives 
at a general equation that expresses the 
different physiologic manifestations as 
deriving from one electrophysical system. 
Lastly he dwells at length on the signifi¬ 
cance of chronaxie and on its importance as 
unit of measure of electric excitation. 
There is a bibliography of 197 titles. 
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Polarisation bt Depolarisation Cellu- 
laires. Actualitls Scientifiques et Industrie 
tiles 100 . Exfosis de Biologie Ginlralt en 
rapport avec la Cytologie. 

By M. Dubuisson. Hermann et Cie, Paris . 

12. francs, io x 6$; 47; 1934 (paper). 
The hypotheses advanced to account for 
membrane potentials in living cells are 
discussed and the recent experimental 
work on the subject is briefly reviewed. 
The presentation is clear and concise and 
this booklet ought to be very useful to 
anyone beginning the study of this sub¬ 
ject. There is a bibliography of 84 titles, 
most of them in English or German. 



Krebs im Lichte biologischer und vergleichend 
anatomischer Forscbung. I. Band: Krebs im 
Ectodermgebiet . 

By Josef Lartschneider. Franz. Deuticks, 

Leipzig and Vienna . 10 marks. 7$ x 5J; 

192.; 1934 (paper). 

A study of the biology and comparative 
anatomy of cancer of the ectoderm. The 
author covers the research and the theories 
advanced in Germany and Austria thor¬ 
oughly. There is a bibliography confined 
mostly to German titles, and an adequate 
index. 



Handbuch der biologischen Arbeits- 
methoden. Lieferung 424. Methoden der 
Muskel- und Nervenphysiologie. Die Meth- 
ode der Licht-Stromformung. 

By Ludwig Nicolai . Urban und Schwar - 
Zenberg, Berlin . 5 marks. 10 x 7; 89; 

1934 (paper). 

Lieferung 414 discusses the operation of 
photo-electric cells, both of the vacuum 
and of the selenium type, and describes 
vacuum tube amplifying equipment to 
actuate registering devices. 


BIOCHEMISTRY 

The Lyophilic Colloids (Their Theory and 
Practice ). 

By Martin H. Fischer and Marian 0 . 
Hooker. Charles C . Thomas r Springfield , 
III. $4.50. 9f x 6J; viii + 2.46; 1933. 


Fischer and Hooker have collected the 
results of a long series of observations on 
the stability and the electrical conductiv¬ 
ity of the colloidal mixtures of phenol and 
of soap with water in this book. Regard¬ 
ing these systems as models of living 
matter, and reasoning by analogy: 

The evidence presented, compels the conclusion 
that neither living matter nor any fraction of it is to 
be thought of primarily as a dilute solution or as 
anything approximating such a system. It is, rather, 
a protein to which the salts have been bound chem¬ 
ically (fundamentally as a basc-protcin-acid com¬ 
pound) and in which water has then been “dissolved” 
(or to which the water has been bound as a hydrate). • 
This four part affair is to our minds the fundamental 
unit of the living mass. 

If the conclusion is accepted that all the water 
of the living mass is held in bound form it leads to an 
important corollary. The chemical reactions which 
occur in living matter must occur in a medium far 
different from ordinary water. Living matter is 
normally a practically anhydrous medium; the chemical 
reactions characteristic of the normal life of the cell occur 
in an anhydrous medium and their course and products 
must , in consequence , be entirely different from the course 
and products of these same reactions occurring in and 
familiar to us from study of the ordinary aqueous solution. 
(Italicized by the author.) 

Fischer disagrees with a large number of 
physiologists on many other points, no¬ 
tably on the existence of semi-permeable 
membranes and on the r&lc of osmotic 
pressure. The book is provided with an 
index. 


An Introduction to Biochemistry. 

By William R. Fear on. William'Heine- 

mann (Medical Books), London . 10s. 6d. 

net. 8J x 5$; x + 3 J 3; *934- 
In this introduction to biochemistry, 
planned to serve both as a textbook and 
as a laboratory guide, there is more em¬ 
phasis than usual on the r 61 e of inorganic 
compounds in metabolism, and in view¬ 
point it is a little closer to physiology than 
to organic chemistry. Certain topics 
which require quantitative treatment and 
a background in biology in order to be 
presented effectively, such as the chemistty 
of blood, nerve, ana muscle, arc dealt with 
only briefly. The style of presentation 
and the selection of material are suited to 
college students beginning the study of 
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biochemistry, and the usefulness of the 
book as a laboratory manual is increased 
by numerous tables and diagrams of the 
color reactions and precipitation tests for 
important substances. There is an index 
ana a short list of directions for the prep¬ 
aration of reagents. 



Practical Methods in Biochemistry. 

By Frederick C. Koch. William Wood and 
Co., Baltimore . $1.15. 9 x 5I; vii + 
l8l; 1934. 

This manual is intended to introduce 
medical students to the important bio¬ 
chemical methods in current use and 
especially to familiarize them with the 
standard quantitative methods used for 
the study of body fluids. The explana¬ 
tions of the procedures are clear and de¬ 
tailed and the pedagogical value of the 
book is increased by discussion of under¬ 
lying chemical principles involved in the 
analyses. There are numerous tables to 
facilitate computations and in an appendix 
about forty pages are devoted to directions 
for the preparation of reagents. This 
manual was written as a companion to 
Professor A. P. Mathew’s textbook. It 
deserves a wide usage. 



Die Hormone ihre Physiologic und Pharma - 
kologie. Zweiter Band: Schilddruse. Nehen - 
schuddriisen. Inscl%cllcn der Bauchspeichel - 
druse. Thymus. Epiphyse. 

By Paul Trendelenburg. Julius Springer , 
Berlin. 45 marks (paper), 46.80 marks 
(cloth). 9§ x 6§; x + 501; 1934. 

This, the last volume of a thorough and 
useful review of the literature of the hor¬ 
mones, treats those of the thyroid, para¬ 
thyroids, pancreas, thymus, and pineal 
body. Upon the author’s death in 1931 
the publication of the manuscript was 
undertaken by one of his students, Dr. 
Otto Kragcr. He has changed the orig¬ 
inal manuscript only where more recent 
discoveries have made it necessary and has 
brought the literature up to the summer 
of 1933. There is an adequate subject in¬ 


dex. The first volume of this work was 
noticed in these columns in Volume 5, 
page 11.1. 



Le S6rum Normal: Ricolte et Caracteres 
Physiques. 

By Denis Brocq-Rousseu and Gaston Rous¬ 
sel. Masson et Cie 9 Paris. 75 francs. 
95 X 6J; 363; 1934 (paper). 

The authors have incorporated in this 
large volume the results of practically 
every study and observation made to date 
on the physical properties of normal blood 
serum. It is a most thorough compen¬ 
dium, clear and also critical; invaluable as 
a reference book. There is a bibliography 
of 57 pages. 



Transporters d’Oxygene. Actualites 
Scicntifiques et Industrie lies 102. Exposes de 
Physiologic. 

By Marcel Florkin. Hermann et Cie , 
Paris, il francs. 10 x 6i; 44; 1934 
(paper). 

This is an excellent review of the results 
of recent research on the respiratory pig¬ 
ments of the blood. The first chapter dis¬ 
cusses their chemical constitution; the 
second, their physiological action; and 
the third, their distribution throughout 
the animal kingdom. A bibliography of 
a hundred titles, mostly in English and 
German, concludes the booklet. 



Die Spezifizitat der serologischen Re- 

AKTIONBN. 

By K. Landsteiner. Julius Springer , Ber¬ 
lin. 8.80 marks (paper); 9.80 marks 
(cloth), q} x 6}; iii + 1x3 (1933). 
This is a useful brochure giving a summary 
of the work of the distinguished author 
and others on the antigens and phenomena 
of serological specificity, principally from 
the chemical point of view. It is amply 
equipped with bibliographies—general 
text-books, summaries and bibliographies. 
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lengthy literature lists on specific phases 
following each chapter, and works which 
have been published while this book was 
in press. An adequate index adds to the 
usefulness of the work. 



Fundamentals of Biochemistry in Rela¬ 
tion to Human Physiology. Fourth Edition. 

By T. R . Parsons. William Wood and 

Co., Baltimore . $3.00. y\ x 5; xii + 

„ 435; ^93?- , . f . f . 

Parsons introduction to biochemistry 
remains the most interesting book on the 
subject available to beginners and inter¬ 
ested laymen, and the fourth edition, 
brought as nearly up-to-date as is possible 
in such a rapidly growing subject, retains 
the narrative form that made the earlier 
editions so readable. 



Handbuch der biologischen Arbeits- 
methoden. Lieferung 42 7. Allgemeine und 
vergleichende Physiologie. Analysen von Gas - 
gemischen. Gasometrische Methoden %ur An¬ 
alyse von Blut und anderen Losungen. 

By John P. Peters and Donald D. van 
Slyke. Urban und Schwar%enberg , Berlin. 
16 marks. 10 x 7; 3 ll; 1934 (paper). 
Lieferung 4x7 has been translated from 
Volume II of the same authors’ Quantita¬ 
tive Clinical Chemistry , and for the most 
part deals with the methods they elabor¬ 
ated for the analyses of blood gases. 



Das Verhalten von Blutkorperchen 

SOWIE VON MlKROBBN IN ABGBSTUFTEN 

Essigsaure-vanadatgemischen. Eine bio- 
chemische Methode %um Studium der Artspezt- 
fitdt. 

By H. M. Jettmar. Urban und Schwar- 
Zenberg , Berlin and Vienna. 3 marks, 
x 6i; viii + izi; (paper). 

A detailed presentation of the technique 
and results of the Oldcman-Bendien reac¬ 
tion on sera, blood corpuscles and mi¬ 
crobes. Biochemists and microbiologists 
will find it a useful handbook. 


SEX 

The Ethics of Sexual Acts. 

By Rent Guy on. Translated from the 

French for the first time by J. C. and Inge- 

borg Flugel. Alfred A. Knopf , New York. 

$4.00. 8f x 5I; xxii + 383 .+ xxvii; 

I 934 * 

M. Guyon is both a Frenchman and a 
hedonist. As a Frenchman he follows to 
their logical conclusion the principles 
which as a hedonist he professes. The 
Judeo-Christian ethics to which the West¬ 
ern world pays at least lip-service, true to 
its ascetic postulate of the vanity of this 
world, condemns sexual pleasure except 
for a grudging concession of the legitimacy 
of intercourse—for purposes of reproduc¬ 
tion only—between a man and a woman 
over whom a magical formula has been 
recited. M. Guyon on the other hand 
concludes that sexual pleasures, including 
the so-called aberrations, are no more 
’‘immoral” than the pleasures of the table. 
His travels in the Far East have convinced 
him that a society which permits a free 
gratification of sexual desires is far happier 
and less neurotic than one which taboos 
them. The psychiatrists, he concludes, 
instead of basing their criteria of sexual 
normality on an objective, physiological 
foundation, have tacitly assumed that 
whatever is contrary to the local mores is 
pathological. Their attitude is thus not 
that of scientists, but of conventional 
moralists masquerading as scientists. 

But psychiatry has gone even further than this in its 
abject and unconditional surrender to taboo. With¬ 
out any attempt at verification it has accepted at 
their face value many of the prejudices ana super¬ 
stitions which have resulted from taboo. There 
exists a whole group of neuroses based upon fantastic 
and utterly unscientific notions: cpiite a considerable 
portion of humanity lives and has its being in a world 
that is peopled by illusory and imaginary entities— 
gods, prophets, saints, angels, devils, demons, ghosts 
—with whom they have daily converse, whom they 
call upon for help or counsel, whom they bribe or 
curse or worship, for whose sake they are ready to 
ruin both themselves and their families. Here, then, 
there is a formidable neurosis, which (unlike the 
manifestations of sex) is incapable of explanation 
in terms of normal, natural, easily verifiable, healthy 
processes. It is a neurosis that has sprung fully 
armed from its parent, the human brain. A triumph 
of artifact, it yet eludes the probing analysis of the 
psychiatrists, and almost entirely escapes their dis¬ 
approval, pitiless as this may be in other directions. 
.... So discreet a choice shows the measure of 
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confidence that we may have in the pronouncements 
of this science I 

This is a book well worth reading and 
pondering, whether one is finally con¬ 
vinced by it or not. There seem to us 
under present conditions to be two objec¬ 
tive reasons for limiting one’s sexual 
pleasures. The first, briefly mentioned by 
M. Guyon, is that in a world where ven¬ 
ereal diseases arc fairly widespread the dan¬ 
ger of infection from free intercourse is by 
no means negligible. The second, which 
he does not mention—no doubt he will deal 
with it in the sequel to be devoted to the 
question 44 as to what kind of organiza¬ 
tion, public and private, would appear best 
to meet the legitimate demands of sexual 
liberty”—is that so long as sexual pleasure 
sometimes leads to reproduction the care 
of the children produced must somehow be 
provided for. In an economic organiza¬ 
tion where the male has the upper hand 
the father of the child is the natural per¬ 
son to charge with this responsibility. 
But, as Strindberg pointed out, it is a wise 
father who knows his own child. The 
custom of chastity is therefore not a mere 
taboo but has the rational function of fix¬ 
ing at least the probable paternity of a 
child. However, with more effective and 
better known techniques of venereal pro¬ 
phylaxis and contraception these objec¬ 
tions to free sexual expression will vanish. 
It is a striking testimony to the validity of 
much of M. Guvon’s criticism that many 
of the clergy ana other professional guara- 
ians of our conventional morality oppose 
venereal prophylaxis and contraception on 
that very account. 



The Case for Polygamy or The Case 
Against the System of Monogamous Marriage . 
By J. E. Clare Me Far lane. The Search 
Publishing Co ., London . 5 shillings net. 

7 * x 4 ; 159; 1934- 

This book is not so much for polygamy, 
as usually understood, as it is against 
monogamy. Its essential idea is that there 
arc too many old maids in the world, 
especially in England, and that something 
ought to be done about it. If the right 
thing is done then both the women and 


the men will be satisfied, and that will 
make it unanimous all around. The author 
is a deeply religious and poetical fellow, 
filled to bursting with the zeal of the up- 
lifter. His arguments are extremely per¬ 
suasive, and he draws support for them 
from the Bible with a skill matched only 
by such great theologians as Bishop Can¬ 
non and Brother Bryan of revered memory. 
But, alas, when he comes to the com¬ 
pounding of his eye-wash which is to cure 
the dreadful disease that festers in the 
body social, of which the etiological 
agent in his view is monogamy, his nai¬ 
vete is positively shocking. For what 
he proposes, in all seriousness, is this: 

Let each woman have the right to make an alliance 
with the man of her choice if he will have her and (if he 
be already married) provided his wife agrees to the 
arrangement. The value of this provision will be 
three-fold: it will indicate that the bond of love 
between husband and wife is so secure that the 
latter can with confidence permit another woman to 
share his affections; it will indicate also that the man 
is big enough to be entrusted with the affections of 
another woman; and it will ensure that prior to such 
an arrangement the women concerned have reached 
a basis of mutual understanding and confidence. 

Let each woman, therefore, be in a position to 
exercise, if she so desires, lawfully and without 
reproach, the function of motherhood for which 
Nature has endowed her. Let the stigma of illegiti¬ 
macy be abolished from social life, and the children 
of every woman be accorded equal rights and recog¬ 
nition. 

If there ever existed a freshman student of 
biology who did not sometime think of 
this scheme as an ideal solution of the 
problems of human behavior consequent 
upon the outpouring of gonadal hormones, 
we never heard of him. But later on in 
life he learns, even before his honeymoon 
is over, that noble as the idea seems to be 
there is a flaw in it. We think that Mr. 
McFarlane quite honestly docs not know 
what that flaw is. If he wants to know 
he has only to ask any married woman. 
She’ll tell him! And how! 



The Single Woman. A Medical Study in 
Sex Education . 

By Robert L. Dickinson and Lura Beam . 
The Williams & Wilkins Co., Baltimore . 
$5.00. 9 x 5I; xix + 469; 1934. 

While this is primarily a medical study of 
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certain phases of human fertility it is 
much more than a study of physiology and 
anatomy. It deals with the psychology 
of the patient, her emotional life, her con¬ 
flict and her refuges from that conflict. 
Something over a thousand case histories 
make up the study which forms the second 
volume in a comprehensive investigation 
on sex experience and behavior. The 
work concludes with a brief summary and 
an appendix containing an arrangement 
of the material in tabular form. Tables 
of two control groups are included. The 
volume is indexed. 


More Love and Sex. 

By X. Ray. The C. W. Daniel Co. 9 Lon¬ 
don. i shilling net (paper); i shillings 
net (cloth). x 4$; 64; 1934. 

This book, a sequel to the author’s Love: 
An Outspoken Guide to Happy Marriage 
noticed in Volume 8, page 378 of this 
Review, is a collection of detached 
thoughts and quotations, emphasizing 
the importance of a soundly biological 
attitude towards sex and the economic and 
traditional difficulties in the way of its 
attainment. There are a bibliography of 
one page and an index. 


Le Devenir du Sexe. Actualitis Scienti- 
fiques et Industrielles 78. Exposts de Biologic 
(Embryologie et Histogenhe). 

By Vera Dantchakojf. Hermann et Cie 9 
Paris. 15 francs. 10 x 6^; 60; 1933 
(paper). 

A good summary of the present state of 
knowledge concerning the morphogenesis 
of sex. 



BIOMETRY 

An Introduction to Statistical Analy¬ 
sis. 

By C. H. Richardson. Harcourt 9 Brace 
and Co. 9 New York. $3.00. 8J x 5I; xi 
+ x85;1934. 

This excellent text deals with tabular and 


graphical representation, measures of cen¬ 
tral tendency, measurement of dispersion, 
skewness, excess, moments, linear trends, 
simple correlation (approached through 
the concept of regression), nonlinear 
trends, curve fitting, permutations, com¬ 
binations, probability, the point binomial, 
the normal curve and the theory of sam¬ 
pling. Numerous exercises, an annotated 
list of books for supplementary reading, 
a four-place table of areas and ordinates of 
the normal curve and an index are also 
given. Since Professor Richardson feels 
that the student “will not comprehend 
fully what a formula means and what are < 
its limitations unless he knows whence it 
comes and what arc the assumptions un¬ 
derlying its development” he includes 
many derivations that do not presuppose 
a knowledge of more than high school 
algebra. However, many biologists and 
physicians shy like a skittish horse at any 
formula which appears at all complicated, 
however elementary it may be in reality. 
We fear that one glance at the 2’s in some 
of his formulas would send such students 
galloping to the tall timber, from which 
it might be difficult to lure them back into 
the classroom. 



^Calculation and Interpretation of 
Analysis of Variance and Covariance. 
By George W. Snedecor. Collegiate Press 9 
Ames 9 Iowa. $1.00. 7$ x 5I; iv + 96; 
I 934 - 

An attempt is made here to clear up the 
technique of R. A. Fisher’s known as the 
“analysis of variance.’’ This is a very 
elementary calculator’s hand-book with 
brief explanations, discussions, and notes 
on theory. The arithmetic examples arc 
easier to follow than are Fisher’s, but the 
method and terminology are the same. 
•The author specifically states that the 
objective of the method is “the separation 
of the gross variation of the entire sample 
into two portions: (i) the variation 
among the means of the classes, and (ii) 
an average of the variation within the 
several classes.” Yet the examples given 
use the “between class” variance as a test 
for homogeneity and not as a measure of 
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variation between means of classes. This 
is the same discrepancy between problem 
and illustration that exists in Fisher’s 
work. 



Manuale di Statistica. Introduzione alio 
Studio Quantitative dei Fatti Sociali. Vol¬ 
umes I and IL 

By Felice Vinci. Nicola Zanichelli , Bol¬ 
ogna. Z5 lire per volume, io x 7; Vol. 

I, vii 4 - 130; Vol. II, 303; 1934 (paper). 
A tcxtnfepk of mathematical statistics 
written Htstudcnts of social sciences who 
have onl^: limited knowledge of higher 
mathematics. It is very well done and 
praiseworthy are the elegant algebraic 
demonstrations, in particular those relat¬ 
ing to the theory of probability. Credit 
for the latter should be given to Castel- 
nuovo and Cantelli whom the author 
follows. 

In appendices are given many useful 
tables, a chart showing the evolution of 
statistics (taken in part from Pearl), a list 
of statistical societies and journals, etc. 
There is an index. 



Variability in Weight in the Golden- 
crowned Sparrow. University of Cali¬ 
fornia Publications in Zoology , Vol. 40 , No. j. 
By Jean M. Lins dale and E. L. Sumner , 
Sr. University of California Press , Berke - 
ley. si x 6$; n; 1934 (paper). 



PSYCHOLOGY AND BEHAVIOR 

The Effects of Music upon Pulse Rate, 
Blood-pressure and Mental Imagery. 
By Alec Washco, Jr. Temple University , 
Philadelphia . $1.00. 9x6; 169; 1933 

(paper). 

Thirty adolescents have been subjected to 
an experiment to determine the influence 
of different types of music on svstolic 
blood pressure, on pulse rate and men¬ 
tal imagery. The principal conclusions 


reached are that music of the type of a 
march, rhapsody or overture stimulates 
blood pressure and pulse rate, while a 
waltz, serenade or intermezzo causes a 
decrease. A survey of the tables shows 
that this is arithmetically true and possi¬ 
bly statistically, but there arises a doubt 
as to its significance. On the average 
the maximum increase observed is 10.4 
mm. for blood pressure while that of the 
pulse rate is 8.9 beats. The maximum 
average reduction of blood pressure is 8.4 
mm. and pulse 8.03 beats. Without ade¬ 
quate experimental control these and simi¬ 
lar reported results obviously cannot be 
accepted, though they satisfy popular 
conceptions and appear true in individual 
cases. 

The author is apparently a believer in 
the therapeutic value of jazz, for of the 
Rhapsody in Blue he writes: “This music 
suggests a treatment for Melancholia, 
anxiety and other forms of depression. 
It seems to react as a safety valve for de¬ 
pressed and suppressed nerves. It is one 
aid to the resolution of mental conflicts 
and at least temporarily alleviates 
worries.’* There is an extensive bibli¬ 
ography but no index. 



Textbook of Abnormal Psychology. 

By Roy M. Dorcus and G. Wilson Shaffer. 

Williams & Wilkins Co., Baltimore . 

$4.00. 9x6; xiii + 389; 1934. 

In 360 pages of text the authors attempt a 
complete review of the literature regard¬ 
ing the anatomy and physiology or the 
special sense organs, general neurology, 
psychology, psychiatry and psychother¬ 
apy. Useful as a textbook, the necessity 
for condensation results in generalized 
definitions and statements which at times 
may appear incorrect. On page 37, for 
example, one notes: “Among the symp¬ 
toms of pathology of the vestibular sensa¬ 
tions may be listed: absence of nystagmus , 
continuous nystagmus ....'* That this 
obvious latisus linguae should have passed 
unobserved by one of the authors who has 
contributed special studies on the subject 
is surprising. 
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Worthy of special mention is the criti¬ 
cal attitude that the authors have main¬ 
tained in the exposition of the several 
psychological theories, though they are 
frankly disciples of Knight Dunlap. 
There are a bibliography of 313 titles and 
name and subject indices. 


The Nature and Treatment of Amentia. 
Psychoanalysts and Mental Arrest in Relation 
to the Science of Intelligence. 

By L . Pierce Clark, Assisted by the Staff of 
the Psychoanalytic Sanatorium at Rye, N. Y., 
T. E. Uniker , Ethel L. Rourke, W. K. 
Cushing, Margaret C. Cairns. William 
Wood and Co., Baltimore. $4.15. 9x6; 
xv + 306; 1913. 

The author, well known as a psychiatrist, 
has been a valuable contributor to studies 
on the mentally deficient. In this volume 
he discusses the energies which have to 
do with the ament’s (the mentally sub¬ 
normal individual) immediate problem of 
coping with his outer world. A number 
of case histories are given in detail to 
show “the nature of the psychic barriers 
tending to impoverish mental growth, to 
indicate how these emotional fixations 
have come about, and to formulate their 
direct connection with mental arrest.” 
Suggestions are made regarding the estab¬ 
lishment of a sounder training treatment 
for the feebleminded. On the basis of 


psychoanalytical findings the author be¬ 
lieves that much can be learned in guiding 
the ament in the choice of his environ¬ 


ment, his education and his future occupa¬ 
tional activities. The work includes a 


glossary, a list of references and an index. 
Dr. Ernest Jones contributes a foreword. 


A New Physiological Psychology. 

By W. Burridge. William Wood and Co ., 
Baltimore . $3.00. 7! x 5; vii + 158; 
*933 • 

Basing himself pn his experimental study 
of the rhythmic tissues of the heart Pro¬ 
fessor Burridge applies the theory of 
rhythmic action to the central neurons and 


sensory end-organs, and attempts to corre¬ 
late these processes with mental phe¬ 
nomena. In this way he arrives inter alia 
at a physiological formulation of Freud- 
ianism. Such deductions as his explana¬ 
tion of John Citizen’s attitude to his wife 
in terms of the intensity and rate of neural 
rhythm may seem fantastic, but we must 
not forget that much of the physiological 
psychology of the more complex mental 
processes is still a matter of inference. If 
no one has observed the rhythm of a brain 
cell, it is equally true that no one has seen 
it explode. There is a bibliography of 15 
titles and an index. 



Individual Psychology, Psychiatry, and 
Holistic Medicine. 

By J. C. Young. The C. W. Daniel Co., 

London, is. 6d. net. 8§ x 6 z; 1934 

(paper). 

This little book consists of two papers 
delivered before the Medical Society of 
Individual Psychology, London, an organ¬ 
ization devoted to “tempering the robust 
wind of Individual Psychology to the 
shorn and somewhat fearful lamb of 
modern medical practice.” The gist of 
them is that laboratory technique, how¬ 
ever elaborate, cannot take the place of 
insight into the patient as a whole. Un¬ 
fortunately, since laboratory technique is 
easier to learn than insight, Dr. Young 
may have difficulty in converting the aver¬ 
age medical practitioner. 


Stories of Second-sight in a Highland 
Regiment. 

By William Kirk. Eneas Mackay , Stir¬ 
ling, Scotland, zs. 6d. net. 7§ x 4}; 113; 

A co?lection of often weird, sometimes 
humorous stories, dealing (so ’tis said) 
with the personal experiences of Highland 
soldiers, comprises the present volume. 
Whether or not the yarns are true does 
not detract from the fact that some of them 
are interesting. 
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DE OMNIBUS REBUS 
ET QUIBUSDEM ALUS 

An Introduction to Looic and Scien¬ 
tific Method. 

By Morris R. Cohen and Ernest Nagel. 

Harcourt, Brace and Co., New York. $3.50. 

8i xsf; xii + 467; 1934. 

This admirable text aims to “find a place 
for the realistic formalism of Aristotle, 
the scientific penetration of Peirce, the 
pedagogical soundness of Dewey, and the 
mathematical rigor of Russell,“ and, we 
should say, succeeds very well. The 
authors agree with the traditional view 
of logic as the science of valid inference 
rather than as the study of how the mind 
works. In the treatment of necessary 
inference both the Aristotelian and the 
symbolic techniques are used. In the 
chapter on probable inference the authors 
reject the interpretation of probability as 
a measure of Wief and adopt Peirce’s 
interpretation of probability as the truth- 
frequency of types of arguments. The 
function of hypotheses and classification 
in scientific method is considered. Mill’s 
methods of experimental inquiry are found 
to be neither methods of proof nor meth¬ 
ods of discovery of relevant factors but 
arc of value in eliminating irrelevant fac¬ 
tors. The distinction, which the authors 
emphasize in their discussion of measure¬ 
ment, between additive characters such 
as weight and non-additive characters 
such as intelligence, which can only be 
ranked in a certain order, is one which is 
too often forgotten. In the chapter on 
statistical methods we have only two 
exceptions to enter: (i) While it is of 
course true that the computer cannot im¬ 
prove the accuracy of an arithmetic mean 
at will by carrying more decimal places 
it is not true that the precision which is 
a result of numerical computation is ficti¬ 
tious unless the observations have been 
made with the same degree of precision.” 
The errors of the individual observations 
will rarely be all in the same direction and 
consequently the mean of a large number 
of observations will usually- be more pre¬ 
cise than the individual observations on 
which it is based, (i) While the median 
is more stable than the mean for many 
leptokurtic distributions, for normal and 


platykurtic distributions the mean is the 
more stable average. 

Exercises, suggested readings and an 
index are given. Altogether this is an 
excellent book. 



Modern Brewing (Second Edition ). A 
Practical Hand Book of Contemporary Brew- 
ini Practice. 

Written and published by Carl A. Nowak , 

Chemical Bldg., St. Louis. $10.00. 9 x 

sf; 389; 1954- 

Mr. Nowak is a practical brewer whose 
aim is to explain brewing practice and the 
scientific principles on which it rests for 
the benefit of an industry that is relieved 
to find itself respectable again, and that 
is conscious of the lack of textbooks. His 
book is built around a translation of Hein¬ 
rich Lucrs’ Grundriss der Bierbrauerei which 
sets forth the fundamentals of beer brew¬ 
ing as practised in Germany and which 
provides the theoretical explanation for 
the fermentation processes. This is only 
the foundation, as it were. “For those 
not familiar with the methods of doing 
business in the United States, it may be 
well for me to call attention to the fact 
that, whatever the American does, is on 
a large scale, usually well financed, but 
must be done in a hurry. This accounts 
for many of the strange processes which 
the reader will find in subsequent pages of 
this book.” (Probably this accounts for 
some of the strange tastes of the product, 
too.) Besides this odd disposition of the 
American business man there are a number 
of peculiarities of the American taste in 
beer to harass the brewer. For one thing, 
Americans insist on drinking their beer 
much colder than Germans or English¬ 
men, not only losing the aroma the Brau- 
meister has worked hard to put there but 
subjecting the beer to risk of turbidity. 
Now this would not be such a serious 
matter if Americans did not also have the 
barbarous custom of drinking beer from 
glass vessels instead of from opaque mugs 
in use on the Continent, and that makes it 
necessary to brew for optical properties 
as well as taste. American-grown barley 
has too much protein to yield the proper 
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shade of light beer unless to its malt is 
added some other carbohydrate. It is 
interesting to note that companies proc¬ 
essing corn products showed more will¬ 
ingness to develop materials of this kind 
during Prohibition than they ever did 
before. Brewing beer in this country is a 
different thins from brewing on the Con¬ 
tinent. Besides describing trade prac¬ 
tices in this country the book is intended 
to teach the bare fundamentals of chemis¬ 
try and bacteriology to brewers and their 
assistants. The book is provided with 
glossary, bibliography, index, and tables 
of various sorts. 


Madeira. Wine, Cakes and Sauce. 

By Andrt L. Simon and Elizabeth Craig. 

Constable and Co., London. 5 shillings 

net. 7 f x 4$; 153; 1933. 

Sherry. With an Appendix on Shippers 
and a Folding Map. 

By H. Warner Allen. Constable and Co., 

London. 5 shillings net. 7! x 4!; 117; 

* 933 - 

These two volumes inaugurate a new scries 
— Constable's Wine Library —likely to be of 
great value and interest to everyone con¬ 
cerned with the finer aspects of civilized 
living, provided the standard set by these 
initial volumes can be maintained. 

Warner Allen has already a firmly 
grounded reputation as an expert on wines, 
and Sherry will further enhance it. It is 
the best treatise, considering the limita¬ 
tions imposed by its size, known to us on 
that greatest of high-powered wines. It 
is not a rhapsodical eulogy of a glorious 
beverage, but a pleasantly written, thor¬ 
oughly erudite, technical scientific treatise 
on sherry, telling its history, how it is 
made, its varieties, etc. In short it is 
precisely the kind of book that will inform 
and entertain a person who wants to ac¬ 
quire a really sound elementary knowledge 
about sherry. 

Almost exactly two-thirds of Madeira is 
devoted to recipes for cooking in which 
that wine is used, and for the accessories 
useful in giving Madeira parties instead of 
cocktail parties. For this part Elizabeth 
Craig is responsible. Wives of biologists 
(as well as of other gentry) will find this 


part of the book extremely useful and in 
good part novel. The first third of the 
book, by Simon, is essentially a brief 
history of Madeira wines. It is entertain¬ 
ing enough, but of a literary rather than a 
scientific flavor. 


The System of Basic English. 

By C . K. Ogden. Harcourt, Brace and Co., 

New York. $2..50. 8 x 5!; ix + 3x0; 

I 934 - . ' a 

With increasing international exchange or 
ideas the need for an international lan¬ 
guage becomes greater. In forty years 
Esperanto has got no great support, while 
English has become the most widely used 
of languages. Basic English is a system 
of 850 English words, to take care of all 
the needs of everyday living and for use 
as an international language for business, 
radio and science. It is a complete lan- 

K which may be learned in a month. 

tant men of learning and of science 
in every country on earth give it support. 
This book gives an account of the system 
and examples of its use in everyday talk, 
in radio, newspapers and motion pictures, 
in business, in science, in economics and 
political questions, in religion, and in 
stories. The present account is in Basic 
English. 


Logic in Practice. 

By L. Susan St ebbing. Methuen and Co., 

London, is. 6d. net. 6f x 4I; ix + 113; 
I 934 * 

This excellent little book is, as the title 
implies, concerned with the practical 
technique of sound reasoning. While a 
brief, but clear, discussion of logical forms 
is given, equal attention is paid to the 
symbolic character of language and the 
danger of ambiguity in the use of the sym¬ 
bols. From the frequency with which 
Mr. Roosevelt replaces Socrates in the 
examples the reader may draw the prob¬ 
able inference that the English find the 
New Deal a subject of interest. A brief 
bibliography and an index are provided. 
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RADIATION GENETICS 

By C. P. OLIVER 
University of Minnesota 


I. INTRODUCTION 

T HE effectiveness of high- 

frequency radiation in the pro¬ 
duction of heritable changes in 
abundance, reported by Muller in 
his work with Drosophila and corroborated 
by the independent work of Stadler ^ith 
plants, opens to the geneticists a method to 
speed the investigations of their problems. 
Some irradiation had been done earlier than 
the reports by Muller and Stadler; but it 
was not until after 1917 that an intensive use 
of radiation in genetics occurred. Many 
plants and animals have been subjected to 
irradiation, and in most of them genie and 
chromosomal changes have been induced. 
Irradiation not only supplies geneticists 
with a tool for the investigation of old 
problems, but also opens to them new 
problems and new methods of advance. 

p 

II. REGIONS OF THE SPECTRUM INVESTIGATED 

Investigations have not been confined to 
natural (earth) radiation, x-rays and ra¬ 
dium emanations, but have been carried 
into the low-frequency range. 


Supersonic vibrations 

Drosophila males were subjected to 
185,000 vibrations for 2.5 seconds. In 
2.6,135 possibilities appeared 57 abnormal 
individuals, including 5 with mottled eyes. 
Only the mottled eyes were hereditary. 
The results arc inconclusive that the 
variants were caused by the treatment, but 
it is definitely shown that the supersonic 
vibrations used here do not produce effects 
comparable to those produced by x-rays 
and radium (no). 

Electricity 

Treatment of Drosophila males in a field 
between two concentric copper cylinders 
with a current of air passing through the 
space between the cylinders, 33,000 volts 
at 60 cycles, was given in dosages from 1 
to 30 minutes. Treated individuals showed 
the effect; but no lethal mutations were 
induced, although some variants were 
observed (116). 

Electrostatic 

Drosophila males were subjected to 
115,000 volts at a frequency of an oscillat- 
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iag current of 1,1x5,000 cycles per second 
for one minute. Six hundred and ninety 
matings were made to observe for lethals, 
but no mutations were observed (116). 
After being subjected to an oscillating 
current of 6,000,000 cycles per second, 
wave length 100 meters, time 30 seconds, 
Drosophila males showed the effect of 
treatment. Only 35 per cent of the in¬ 
dividuals were fertile. In 1607 cultures, 
no translocations or visible mutations 
were induced and the lethal-mutation rate 
was not significantly greater than that 
of the controls (141). 

Electromagnetic 

After exposure of pollen, a few recessive 
mutations were observed in maize. Ear 
shoots exposed between poles of a magnet 
14 or 36 hours after pollination for 15 to 45 
minutes produced endosperm mosaics two 
or three times as numerous as did con¬ 
trols. The frequency of mosaics increased 
with exposure increase, but not propor¬ 
tionally. Induced translocations also were 
indicated 0 - 53 )* Stadlcr (161) also re¬ 
ported that the method induces mutations 
in barley. 

Ultra-violet 

A quartz mercury arc with Drosophila 
under a quartz cover and cooled by iced 
air was used with treatment given to 
eggs, larvae, and adults. Earlier results 
by Altcnburg (1) suggested that the 
method is not as effective as x-rays, but 
later results were found to be significantly 
effective. Thirty-four mutants were found 
in n,;oi treated to 3 in 11,161 control 
individuals (3, 4). Permanent and tem¬ 
porary modifications in Chilodon after 
treatment were observed by MacDougall 
(133, 134). Middleton induced a herit¬ 
able change in the fission rate of Para - 
modem. Stubbc reported (174) that about 
85.7 per cent of treated Antirrhinum pro¬ 


duced altered Fi as against 1.07 per cent in 
controls. This method has also been used 
by Goodspced. 

Gren% rays 

Ultra soft x-rays generated at 7 KVP 
(161) or 5-10 (174) are sufficient to induce 
mutations. The induced mutation rate 
was increased 300 per cent over controls in 
Antirrhinum (177). Goodspced has also 
found the method effective. The Beta 
rays of radiothorium and Cathode rays « 
arc also effective in the induction of 
mutations (161, 135). 

III. RESULTS OBTAINED WITH X-RAYS AND 
RADIUM 

Chromatin distribution 

The percentage of primary non-dis¬ 
junction in Drosophila melanogaster is sig¬ 
nificantly increased by x-radiation of the 
female (5, 6, 137, 138, 139, 143), and by 
radium treatment (164). The exceptions 
appear during the decreased fertility of 
females (143) and from eggs deposited the 
first six days after treatment (137, 134). 

Aging eggs in the female before treat¬ 
ment increases the percentage of non¬ 
disjunction, although aging alone will not 
cause an increase. The frequency increase 
is gradual up to the eighth day, after 
which a decided decrease occurs, probably 
due to the fact that virgin females deposit 
their mature eggs in the eighth day (119, 

aw)- 

Exceptional males occur more frequently 
than exceptional females (139). Anderson 
•(10) reported 631 exceptional males to 113 
exceptional females among 57,877 off¬ 
spring from the x-rayed Drosophila mothers. 
Patterson and coworkers (134) observed 
330 exceptional males to 46 females in 
90,000 offspring in the treated series and 
55 non-disjunctional males to 8 females in 
a like number of controls. With Dro- 
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sophila virilts , Demerec and Farrow (44) 
reported a greater variation between the 
male and female ratio. In the treated 
series, 338 exceptional males to 17 females 
appeared in 65,809; and in the controls 
13 to z, in 37,188 offspring. Only two 
of the tested primary exceptions gave a 
high frequency of secondary exceptions and 
of crossing over (6, 9), and one of these 
has been found to involve a translocation 
(51). Age as shown by two successive 
broods does not alter the percentages of 
secondary exceptions in these lines (8). 

Crossing over in the cosin-miniaturc 
region of the X-chromosome of Drosophila 
decreases in frequency as a result of x-ray 
treatment (140) and increases in the regions 
on both sides of the spindle fiber attach¬ 
ment of II (148, 149). Radium influence 
is similar .to that of x-rays (135). The 
effect on crossing over is not inherited 
(150), and is due to the direct action of 
x-rays on the germ cells; no increase 
occurs unless at least the posterior half 
of the body is treated (146). A regional 
differential susceptibility to x-rays (II 
and III) was observed by Muller (165) 
who also found that the X does not differ 
from II or III if corresponding regions with 
relation to the spindle fiber arc compared 
(166). Stadlcr (15 5) detected no influence 
of x-radiation on crossing over in maize. 
Combinations of temperature and irradia¬ 
tion (temperature before and after treat¬ 
ment) cause variations in the frequency 
of crossing over (iz6). Mavor and 
Svcnson (151) have also made a compara¬ 
tive study of the influence of temperature 
and irradiation on crossing over. 

Lethal and visible mutations 

Antirrhinum alter radium treatment de¬ 
veloped abnormalities that were inherited 
by vegetative reproduction (165, z66); 
tissues were modified (168); and some 
variants apparently were results of gene 


mutations (169). X-radiation altered 87 
per cent of the treated parents to z per cent 
in controls (Z74). 

Bacteria seem to be more stable. Ir¬ 
radiation caused no variation in 3 . coli 
and only a tendency towards lack of 
ability to produce red pigment in Erythro- 
bacillus prodigiosus (37). Other fungi have 
been investigated by Holweck and Lac- 
assagne (. Saccharomyces ), by Nadson and 
Phillipov who have been able to select 
new and stable races, and by Svcnson 
(Saprolegnid ) who found negative results. 

Barley mutants were observed in tillers 
(53 in z8oo treated head progenies, none in 
1500 controls) after x-ray and radium 
treatment (Z54, Z58). The tested mutants 
bred true, but among them no clear case 
of dominance was observed (Z58). _ 

Chickens that developed from fertile 
eggs subjected to x-rays (izo) showed the 
influence of the irradiation. 

After x-ray treatment of cotton seeds, 
dwarfed plants and in other cases coty¬ 
ledon and plant mutations appeared, some 
of them heritable (117, 118, 119). In¬ 
duced variations of seeds and lint were also 
observed by McKay and Goodspccd. 

Datura subjected to radium treatment 
had induced both gene and chromosomal 
mutations (11, Z3, 64). Treatment of 
pollen induced lethal gene-mutations that 
caused half the pollen to be eliminated in 
male gametophytes; however, the genes 
may be inherited through the female 
gametophyte (z8, 30, 31, 33) but pollen 
abortion also may be due to induced chro¬ 
mosomal abnormalities (34). 

Drosophila funebris males after x-radia- 
tion gave a higher frequency of sex-linked 
lethal and visible mutations, the latter 
for the most part of wings and bristles 
(z8o, z8i). Drosophila obscura responds 
to irradiation (i6z, Z4Z), and Drosophila 
melanogaster has been used repeatedly in 
irradiation experiments. Muller reported 
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an increase in the mutation frequency of 
15,000 per cent when sperm were sub¬ 
jected to x-rays; five lethal mutations were 
found in 6016 control chromosomes; 59 
in 714 chromosomes given a T* dosage, 
and 141 in 1177 T 4 chromosomes (168, 
similar ratio 170). Induced changes in¬ 
volve all gradations of lethality and 
visibles; those resembling known mutants, 
at new loci, new genotypes but old pheno¬ 
types, and many extreme allelomorphs 
(167,168,174). Weinstein (195,) Hanson 
C93), and Demcrec and Anderson corro¬ 
borated the effectiveness of x-rays in 
producing changes. Visible mutations, 
new and old types, were increased 12.00- 
1600 per cent by Gruneberg (86), and 
have been reported by Hanson (94), Mavor 
(147), Screbrovsky and Dubinin (2.44) 
and other investigators. After radium 
treatment, Z04 induced mutations were 
observed in 14,480 offspring by Hanson 
and Winkleman. Mutations also arc in¬ 
duced in somatic tissue by x-rays (78,117, 
z8$). Patterson (2.17) observed 42. variant 
areas of the eye among 1473 treated to 
none in 1789 control individuals (also sec 
118, 119). Dominant eye colors in Dro¬ 
sophila melanogaster appeared for the first 
time in irradiation experiments. Wein¬ 
stein (195, 196) observed the first dom¬ 
inant eye-color (typical, eversporting 
type). Oliver (198, sec also 174) found a 
solid color, non-eversporting, but con¬ 
nected with a chromosomal alteration. 
Van Atta (2.93, 194) detected a dominant 
due to a definite gene (no connection with 
a chromosome aberration). 

Grape fruit seeds exposed to x-rays de¬ 
veloped into plants, some of which showed 
seedling variations (161). 

Habrobracon mutants were found by 
Whiting (301, 303, 304, 305) and by 
Dunning as a result of x-ray treatment. 
Induced non-inherited freaks and muta¬ 
tions occurred after larvae treatment (197, 


199) and after adult male (36) and female 
(15) treatment. 

Mice subjected to x-ray treatment pro¬ 
duced descendants among which ab¬ 
normalities occurred (130, 131), and the 
abnormal eye individuals show no varia¬ 
tion in chromosome number or mor¬ 
phology (110). Variant types observed 
by Dobrovolskaia-Zavadskaia were in¬ 
terpreted as not induced by the treatment. 
Snyder (151) found no induced visible 
modifications in rats. 

Nicotiana has been used extensively in' 
irradiation experiments, and as a result of 
x-ray treatment developed vegetative and 
floral changes and gene mutations (68, 70, 
73 » 74 » 76, 77 )- 

Oenothera buds after being subjected to 
radium treatments developed atypical 
forms (16). 

Sorghum responded to x-ray treatment, 
and four induced recessive mutations bred 
true (Horlacher, Karpcr and Quinby, re¬ 
ported for ioi). 

Tomato leaf and floral abnormalities 
were observed by Johnson. McArthur and 
Lindstrom exhibited recessive plant char¬ 
acters and also seedling characters that were 
induced by x-ray, radium and cathode 
treatments (13 5). 

Triticum variant types were observed by 
Delaunay (41, 41), Stadler (sec VI), and 
Sapchin. 

Other organisms arc given under sub¬ 
sequent headings. 

Chromosomal mutations 

Translocations arc induced with x-ray 
treatment of Drosophila melanogaster sperm 
(167, 168, 169, 2.95), with a frequency 
equal to that of gene mutations (170,178, 
179,199, xoo). Oliver reported zi lethals, 
16 CA (most being inversions), and 17 
translocations occurring in 10; individuals 
from tit treated parents, and 18 lethals, 
13 CA, and 10 translocations all involving 



RADIATION GENETICS 


385 


the X in 411 offspring from t 4 treated 
parents (100). 

Most induced translocations are prob¬ 
ably of a simple type (114). This type 
has been observed by Dobzhansky and 
others working with Drosophila , by 
Nabours and by Robertson with Apotcttix , 
and by Blakcslcc (13) with Datura . Of 
the thirty translocations studied in maize, 
none were simple; all were reciprocal or 
involved a deficiency at the point of trans¬ 
location (151). Mutual or reciprocal 
translocations have also been observed in 
Drosophila (14, 51, 54, 57, 173, 178, 194), 
and abnormal configurations were ex¬ 
plained as due to reciprocal translocations 
in Datura (zo, 13), and in Circotettix 
verruculatus (109). The more complex 
translocations may involve a deletion of 
one chromosome (II to Y, 50, 51, 53,136; 
X to IV, 185; X to III, III to X, 198,zoo), 
or multiple fragmentation, probably in¬ 
versions in the donor or recipient chromo¬ 
some (51, 198, 2.00, 2.94). 

Homozygous translocations observed in 
Drosophila usually prove to be lethal or 
sterile, or exhibit abnormalities (52. and 
earlier, 174, 178, 179), although some do 
not (47). Bergncr and coworkers (2.1) 
also reported a homozygous translocation 
in Datura that breeds true. Individuals 
heterozygous for a translocation usually 
are normal in appearance, but in some 
cases visible effects accompany the frag¬ 
mentation (174). Dobfchansky (54) and 
Van Atta (2.94) reported visible changes 
that arc inseparable from a point of 
breakage. 

Chromosomes may fragment or have a 
fragment attached to any point (48, 50, 
170, 178, 183, 189, 195), and not always 
at constrictions (49, Z14), although chrom¬ 
osomes may give way more readily at con¬ 
strictions (iz8). The displaced fragment 
is usually attached to the end of the 
recipient chromosome (49, 51, 131), but 


the attachment may be along the side 
(57, 178) or the piece may be inserted 
(198, xoo 9 III into X near ec). Any or 
all chromosomes may be involved in a 
translocation, with little or no preference 
except as a function of the length of the 
chromosomes (170, 178, 179). Most ob¬ 
served translocations are intcrchromo- 
somal, but intra-chromosomal types may 
occur. Of the latter type, a fragment of 
X was deleted and attached to the right 
end of X (59, 244). 

Inversions, deletions, and deficiencies 
(not necessarily translocations) have been 
observed in Datura (zo), maize (67, Z58, 
z6i), Secale (iz8, 1Z9), and Drosophila 
(183, Z14, 244 and others), including in¬ 
versions that cause a V shaped chromosome 
to have a terminal fiber attachment (zoz, 
2 - 94 )- 

Chromosomal irregularities were in¬ 
duced in Datura with a frequency of 10 
per cent (zo), and some of the new types 
cause aborted pollen (34). Lost satellites 
and fragmentations have been observed in 
Crepis (iz8, 189) and Vicia (iz8). Fre¬ 
quent rearrangements and losses were 
reported in maize (z6i). Variations in 
number and shape of chromosomes occur¬ 
red in Triticum (41). Chromosomal ir¬ 
regularities were induced in Nicotiana (77), 
with fragmentation, non-disjunction, and 
duplication of fragments (68, 70, 75). 
Variations in the number of chromosomes 
as a result of treatment occurred in Datura 
(64), Nicotiana (68, 71, 73), and tulip 
(157, 158); but in maize no evidence of 
tctraploidy or duplication of whole 
chromosomes as a result of irradiation 
was observed (z6i). 

Mosaic regions 

If Drosophila eggs or larvae are treated 
with x-ray, variant colored areas appear 
in the eye. With a treated homozygous 
red female, no white areas were observed 
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in 117 individuals; with a female hetero¬ 
zygous white, 34 areas in 666; males not 
white, 8 areas in 807; and in the control 
males and females, none (117). Similar 
but larger ratios were observed by Pat¬ 
terson (118) and by Timofeeff-Ressovsky 
(183, 184). The latter also reported 
changes of eosin to white (z in 1407), of 
cosin to red (1 in 1407), of white to red 
(1 in 1986), and of white to reddish 
allelomorph (1 in 1986). Patterson (118) 
also found mosaic areas for other traits, 
many of which have been exhibited 
(130). The greater frequency observed in 
females is explained as due to breakage of 
the X (117,zi8, Z19). The use of special 
stocks determined that in many or most 
cases the areas arc due to fragmentations, 
and not to the elimination of the whole 
X (zzo). Gowen (78) also found the 
action in producing mosaic regions to be 
local as to III, the affected areas involving 
but one of the colors (st, ca) investigated. 
Mosaicism in Habrobracon was reported as 
a result of binuclcarity (85, 300). 

Germ cells of Drosophila treated with 
x-rays may develop mosaic individuals for 
parts of the body due to the loss of IV (49), 
or for mottled eyes 4 nvolving the locus of 
white on X, or cversporting variegated 
eyes (see VII). Habrobracon after x-ray 
treatment had variant regions of eyes and 
wings (5 in 1711 treated, 6 in 8158 con¬ 
trols, reported in 197) but mosaics occur 
only in heterozygous females as a result of 
binuclearity (199). 

In maize, treated embryos develop into 
chimeras; but if treatment is given on the 
first and second day after pollination the 
whole plant shows an absence of dom¬ 
inants. The areas are also observed if 
pollc.n is treated (z 58). Mosaic endo¬ 
sperms occur (Z55). The size of the 
variant area depends upon the time after 
fertilization that treatment is given (Z58). 
In a zo-fold increase as a result of irra¬ 


diation, the mutated areas seemed to be 
due to a lack of a piece or all of a chromo¬ 
some, as shown by the loss of dominant 
markers (Z55, Z58, z6i). Cotton was 
reported with splotched areas of vircsccnt 
yellow and of green-white due to cyto¬ 
plasmic disturbance or to abnormal 
chromosome behavior, and angular areas 
that were probably nuclear changes (117, 
119). Heterozygous barred and also 
black-white chickens developed mosaic 
regions (15 areas in treated, to 4 in an 
equal number of controls, reported in 
izo). In mice, white areas replaced color 
(90), and such areas may be used as an 
index of sterility (1Z5). Mosaic areas 
have occurred in Nicotiana as a result of 
treating germinated seeds and seedlings 
( 68 ). 

Sex mosaics 

All of Z3 sex mosaics found in Habro¬ 
bracon by Dunning were sterile. In Dro¬ 
sophila, Mavor (144) reported 4 sex mosaics 
in 68,186 treated, and none in 65 ,iz 8 con¬ 
trol individuals. Of the 4, the treated X 
had been eliminated twice and the un¬ 
treated X twice. Patterson determined 
that the sex mosaics were caused by elim¬ 
ination of the treated X in 3Z, and of the 
untreated X in 17 cases. Of the latter, 15 
came from treated eggs and z from treated 
sperm. From these results Patterson (zzi, 
ZZ3) concluded that if the sperm is treated, 
the treated X is more apt to be eliminated; 
if the egg is treated, either X with an equal 
frequency. If eggs are treated, generally 
the whole chromosome is eliminated and 
the mosaic is of the half-and-half type. 
This type alone is increased over that 
found in controls by irradiating the sperm 
cells (Z31). 

Fertility and viability 

Radium treatment of Antirrhinum may 
leave only females fertile, or neither sex 
fertile (167, Z69). Habrobracon as a result 



RADIATION GENETICS 


387 


of treatment has a less number of females 
(60, 301,15). In Drosophila , the decrease 
in fertility of treated males is interpreted 
by Muller as due in part to dominant lethals 
(167, 168), and Stancati using Habro - 
bracon determined that the absence of 
biparentals is due to zygotic dominant 
lethals and not to an absence of viable 
sperm. Treatment of Drosophila females 
causes a decrease in fertility; but a partial 
recovery occurs, and the new eggs show 
a high proportion of mutant genes (167, 
168). The effects of x-rays and age on 
fertility have been found by Patterson and 
coworkers (134) to be manifested chiefly 
on the fully formed eggs, no effect being 
apparent on immature eggs. 

Snyder (2.50, 151) and Snell (2.48, 149) 
found that x-radiation produced infer¬ 
tility in rats and mice. The latter re¬ 
ported that the litters sired during the 
early fertility period were reduced in 
number, not as a result of a lack of motile 
sperm, but due to genetic changes lethal 
to embryos. Strandskov obtained similar 
results and conclusions with guinea pigs. 

With treated dry or soaked seeds of 
Nicotiana f the initial rate of germination 
is retarded, but only temporarily (68), and 
treament docs not lower the percentage of 
germination of good dry seeds of cotton 
(117,119). 

The effect of irradiation upon fertility 
and viability may also be observed among 
the offspring of treated individuals. In 
Drosophila the decrease is explained by 
Muller as due in part to dominant sterility 
genes (167, 168). The condition in maize 
is generally due to deficiencies and trans¬ 
locations rather than to gene mutations 

Cm 8 . 2-60- 

IV. RESULTS WITH VARIATIONS IN 
TREATMENT 

Variation in the duration of x-ray treat¬ 
ment of Drosophila males was found to 


produce a like variation in the mutation 
rate, although with the two dosages used 
the small numbers did not show the results 
proportional to dosage (93,167,168,195). 
With a series of 5 regular steps, each 
dosage increase showed a significant in¬ 
crease in the induced F* lethal mutations 
(197, 2.00). Similarly an increase was ob¬ 
served with three dosages by Serebrovsky 
and Dubinin, by Efroimson for each scries 
(hard rays, soft rays, and with Coolidgc 
tube), and by Dunning with dosages 
between 12.00-8000 R in an investigation 
of Habrobracon somatic abnormalities. The 
number of mutated somatic areas in 
Drosophila increases with a like variation 
in dosage, but size of the areas depends 
upon the age of the treated individuals 
O17,2.18,119). 

Stadlcr (2.54, 156, 2.58) observed an in¬ 
creased frequency of mutations in barley 
with an increased x-ray intensity. Sim¬ 
ilar results were observed, but no actual 
measurements made, with cotton (117). 
Stubbe (177) reported that an increase in 
r-units (doubled each time) causes an in¬ 
crease in the percentage of gene mutations 
in Antirrhinum , but that the variations 
fluctuate irregularly. 

Radium behaved similarly in that an 
increase in dosage applied to pollen caused 
a significant decrease in the rate of Datura 
pollen-tube growth (2.9). It has also 
been reported with Drosophila that as 
radium rays were screened with increasing 
thicknesses of lead, the percentage of F* 
lethals induced in males decreased con- 
sistently (95, 97). 

An increase in voltage in x-ray treatment 
of Drosophila males (40 to 100 KV) caused 
an increase of F 2 lethals; doubling the 
voltage quadrupled the number of lethals 
(105, 107). The mutation rate in barley 
also increased with voltage increase (2.54). 

Crossing over irregularities and trans¬ 
locations increased with the duration of 
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treatment to which Drosophila males were 
subjected (195). With two doses (one 
double the other) the frequency of trans¬ 
locations involving the X and crossing 
over irregularities of X for the higher dose 
occurred with a frequency twice that for 
the lower dose (199, 100). Treatment of 
young cars of maize with seven graded 
doses caused a graded increase in the num¬ 
ber of deficiencies as observed in mosaic 
endosperm (67, 2.61). 

Non-disjunction frequency in Drosophila 
virilis after x-ray treatment of the female 
increased rapidly and significantly only up 
to 1100 r-units, after which the increase 
was not so rapid (45). 

That fertility progressively decreases 
with dosage increase has been observed 
in the number of offspring from treated 
Drosophila males and females (167, 195), 
and in a comparison of the mortality of 
eggs and larvae, and pupae (93). Snell 
found a similar decrease with mice. With 
eight graded steps for treated Drosophila 
females, fertility did not decrease rapidly 
until high dosages were used (43). A 
similar condition was observed by Oliver 
when males were treated in five graded 
steps (reported for xoi). An increase in 
x-ray dosage causes a decrease in fertility of 
Habrobracon 9 whether males or females arc 
treated (13, 60, 199, 301), the average 
number of progeny decreasing with in¬ 
crease in dosage. Three extremes of dos¬ 
age were found by McCrady to produce 
three degrees of sterility in Habrobracon 
and three variations that may be observed 
cytologically. In Datura a marked differ¬ 
ence in seed output per capsule and of 
plants obtained was observed with dosage 
steps of 0.16 millicurie hours (19). 

Equivalent dosages (intensity) differ¬ 
ently applied do not vary the results. 
Discontinuous treatments with measured 
intensities were used on barley, and an 
increase in the mutation rate was observed 


with added dosages (134). Serebrovsky 
and Dubinin found an increase in the 
mutation rate in Drosophila whether dos¬ 
age was intermittent or continuous. In 
a test by Patterson (114) of continuous and 
spaced treatments with the total duration 
equal, no significant variation in the 
results occurred. Different x-ray voltages 
in equivalent treatments of barley seeds 
(KV from 40-116) induced mutations with 
an equal frequency (158). High intensity 
of radium treatments for brief, or low for 
long periods gave equivalent results with 
Drosophila (ioi, 103). In a comparison 
of x-ray and radium effectiveness based 
upon a study of the seed yield per capsule 
for Datura , Buchholz and Blakcslee (31) 
found the relative effectiveness of the two 
treatments to be comparable. Packard 
(206) has found a similar effectiveness for 
the two methods in an investigation of 
their biological effect. 

Variations in conditions during treatment 

Barley seeds soaked 7 hours in M/5 solu¬ 
tions and x-rayed 15 hours later were found 
to have a higher mutation rate as a result 
of the chemical impregnations (154). 
Drosophila males subjected to sulphuric 
ether during radium treatment gave an 
increased sterility and lethal mutation 
rate (101) as a result of the anaesthetic. 

Results obtained when Drosophila males 
were given the same dosage (1300 r) but 
treated at 34°C., and at 8°C., indicate that 
temperature will not alter the effectiveness 
of irradiation (173). Stadlcr (156, 158) 
also found no variation in the mutation 
rate of dormant or germinating barley 
seeds irradiated at various temperatures 
(io-5o°C.). 

The relation between other physio¬ 
logical conditions and the mutation rate 
has been investigated in plants and ani¬ 
mals. Mutations may be induced in 
dormant seeds, but at a lower rate than for 
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similarly treated germinating seeds. At 
high dosage, however, the rate for dor¬ 
mant seeds is as high as for germinating 
seeds at their limiting dosages (156,158). 
The average yield of mutations per Roent¬ 
gen unit in germinating seeds is about 
eight times that in dormant seeds (156, 
2.61). This difference is not a question 
of water content. The rate for seeds 
soaked before treatment, but not ger¬ 
minating, is no higher than for dormant 
seeds (158). Chromatin in any metabolic 
condition of the cell, from dry seeds to 
mature sex cells, can by appropriate treat¬ 
ment with x-ray or radium be quantita¬ 
tively or qualitatively altered, but dry or 
soaked seeds arc more resistant in Nicotiana 
(68), cotton (117), barley (2.56, 162.), and 
Antirrhinum (175). Muller (173) postu¬ 
lated from small numbers that the met¬ 
abolic rate in Drosophila females (fed as 
against starved; impregnated against vir¬ 
gin) probably does not alter mutability 
significantly; but Hanson and Heys (101, 
104) observed reduced sterility and muta¬ 
bility as a result of starvation before 
treatment. 

Variations in conditions before and after 
treatment 

If seeds are steeped for 14 hours, toler¬ 
ance decreases to half that of dormant 
seeds. The first half hour of aeration 
again decreases tolerance by half; but the 
decrease is less marked during the next 
4J hours. Mutability increases slightly 
during the first two periods and then in¬ 
creases rapidly (2.62.). 

Germinating seeds subjected to various 
temperatures (7 to 37 0 for 14 hours follow¬ 
ing treatment) and dormant seeds (—80 to 
38° for 14 hours after, and 3 to 38° for 
weeks after) have their mutation rate un¬ 
affected (161); however, Habrobracon males 
are more fertile if kept at low temperature 
for 14 days after treatment (301). 


Aging of Drosophila sperm before treat¬ 
ment will not alter the induced mutation 
frequency (167, z88), nor will the rate of 
lethal mutations be altered if treated 
males are held as long as 16 days before 
mating (108, 98). In successive broods 
every 7 days after radium and x-ray treat¬ 
ment no change in the mutation rate 
occurred until the fourteenth day, after 
which there was a sudden drop (98). No 
significant change in the rate of sex-linked 
lethals occurred for iz days in successive 
matings of males to virgin females every 
4 days (108) and broods every 5 (z88) or 
6 days (61). Schapiro found that the per¬ 
centage of translocations (II, III, IV) in 
successive matings to virgin females ap¬ 
proximately every 6 days decreased rapidly 
after 16 days. On the other hand, Sidoroff 
observed about as many lethals in II during 
the second as during the first 14 days. 
Mutations occur in dormant seeds whether 
or not they are planted immediately after 
treatment, but the heavily treated seeds 
decrease in viability during storage (Z56, 
Z58). Cotton seeds that had been stored 
for two years before treatment seemed to 
be more susceptible to x-radiation (117). 
Aging Drosophila females before treatment 
does make them more susceptible to 
irradiation in the induction of primary 
non-disjunction and in the breakage of the 
X-chromosomc (Z19, Z34). 

V. SELECTIVE ACTIONS OF X-RAYS AND 

RADIUM 

Sex-ratio 

Irradiation of Drosophila melanogaster 
males causes a deviation in the sex-ratio in 
favor of more sons (16, 17, 61, 93, 168). 
This is explained as due for the most part 
to dominant lethals induced in X, the Y 
being inactive (61, 168). Barth (16, 17) 
found that if the males are mated to 
attached-X females, less sons than 
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daughters appear, in either case a differen¬ 
tial susceptibility of X and Y sperm, 
resulting in a deficit of X sperm. With 
Drosophila obscura, a low ratio of female 
to male was reported by Morgan, Bridges, 
and Schultz (i6z), due possibly to many 
types of chromosomal aberrations (141). 
Treatment of Habrobracon females reduces 
the ratio of female offspring, probably 
due to injury to the sperm in the seminal 
receptacles (15, 30z), or to induced dom¬ 
inant lcthals (85). 

On the other hand irradiation of 
Drosophila females causes no marked differ¬ 
ence in the sex-ratio, and docs not affect the 
potentiality of eggs to produce male or 
female (143). Neither is the sex-ratio 
altered by treatment of eggs and larvae 
(zi8); consequently, the mortality of lar¬ 
vae is considered by Muller (173) to be 
chiefly non-gcnetic. 

Stage of maturity of sex cells 

A differential effect upon early and later 
germ-cell stages is observed in treated 
Drosophila , with a less effect upon early 
male sex cells. This conclusion is based 
upon the observed decrease in the per¬ 
centage of mutations* that occurs twelve to 
fourteen days after treatment (sec IV). 
The observed differential effect is explained 
as due to the fact that chromatin in mature 
male germ cells is more easily affected, 
or that germinal selections or selective 
multiplication occur against the affected 
immature cells (173, comparison of mature 
sperm as against larvae; and 108, 146, 
z88, differences in mutation rate over a 
length of time). Patterson (131) found 
evidence for a selective effect in the de¬ 
cided drop in fertility that occurred on the 
fourth day after irradiation. Strandskov 
suggests that lethals may be more readily 
produced in mature guinea pig sperm, but 
spermatogonia may also be affected. The 
susceptibility of immature cells is sup¬ 


ported by the fact that reverse mutations 
of forked to not-forked occurred as fre¬ 
quently from treated Drosophila larvae as 
from treated sperm (131). In fact, muta¬ 
tions may be induced in all portions of the 
genital system of cither sex (167,168,170). 
This is also suggested by the appearance 
of similar mutants in the same culture 
(117,131). 

In Nicotiana , the indications are that the 
stage of maturity of the sex-cells has little 
relation to the effectiveness of x-radiation 
(68); but in Habrobracon , the less mature* 
eggs arc sterilized more readily (301). A 
difference in the response of Cladoccran 
eggs in the brood pouch and the immature 
stages has also been referred to (194). 

Sex 

Mutations arc induced in Drosophila 
melanogaster whether sperm or eggs arc 
treated (167, 168, 170), but gene and 
chromosome irregularities occur more fre¬ 
quently in sperm than in oocytes for a 
given dose; and the ratio of chromsomc to 
gene variants is greater in males than in 
females (173). Similarly in Drosophila 
obscura the effect of treatment is more 
noticeable on the males (i6z, Z42.). 
Somatic mutations occur more frequently 
in Drosophila females than in males (see 
III). A comparison of the response at 
the same stages in the life cycle indicated 
to Moore (160) that fertility is decreased 
more by treatment of males than of fe¬ 
males. In Antirrhinum the gene mutation 
rate is higher in males than in females; 
but the rate of variation is higher in 
females (174,177). Habrobracon male lar¬ 
vae are more susceptible than female 
larvae (199). 

Other conditions 

The mortality of treated eggs and larvae 
of Drosophila is high but older larvae are 
more resistant to irradiation (14;, zi8)*, 
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and the resistance increases after 30 hours 
of pupation to equal that of the adult 
(143). Woskressensky also found the 
adult flies to be more resistant, as did Hey 
with the bean weevil. A possible sus¬ 
ceptibility of chromatin during a pecu¬ 
liar physio-chemical condition is seen in 
the multiple mutations per treated cell, 
and in the fact that treated adult males 
gave hi abnormal Fi males among 1.964, 
to 10 among 1651 treated larvae 3-4 days 
old (173)- 

VI. GENETIC PRINCIPLES DETERMINED 

Relation of dosage to genetic effects 

The frequency of induced mutations is 
directly proportional to the intensity of 
treatment. In the plant group it has been 
found that with dormant or germinating 
seeds of barley, the mutation rate is 
proportional to x-ray intensity (156,158), 
to the amount of radium treatment, or 
of any given radiation (2.62.). Propor¬ 
tionality does not apply to the frequency 
of induced defective maize seeds, for the 
rate rises sharply with higher dosages 
(2.61). Variations in Antirrhinum are not 
induced proportionally to x-ray intensity 
(174, 177), although gene mutations are 
(i77). Leaf variegations in cotton follow 
roughly the proportionality rule (117). 
But with Datura , an increase from 2. to 4$ 
hours failed to result in an orderly increase 
in chromosome abnormalities, aborted 
pollen, or obvious abnormalities (12.). 

In Habrobracon “Shot” wing varies in 
degree and percentage with dosage, prob¬ 
ably requiring a physiological explanation 
(199). The close relationship between the 
induced mutation frequency of Drosophila 
and intensity was determined by Hanson; 
the rate of induced mutations and the 
amount of ionization formed equivalent 
curves (93, 97). Proportionality holds 
true with variations in x-ray voltage (105, 


107); and with variations in the duration 
of x-ray treatment (197, 2.00), the ob¬ 
served mutation rates approach the calcu¬ 
lated percentage^ based on proportionality. 
Sercbrovsky and Dubinin concluded that 
with dosage doubled the mutation rate 
will be doubled. Efroimson found this to 
be true for the three series studied, al¬ 
though the intensity required to produce a 
mutation may vary for the three. In¬ 
tensity governs the mutation rate whether 
treatments arc given continuously or in¬ 
termittently (114), or whether two un¬ 
equal radium intensities arc given with 
time variations to produce equal total 
intensities (102., 103). Lacassagne and 
Holwcck also found this to be true with 
yeasts. Packard (2.04, 105) made use of 
the biological effect as a measure of 
dosage. 

Induced sterility in Drosophila virilis is 
not proportional to dosage. A rapid in¬ 
crease in sterility occurs near xooo r-units 
if the females arc treated (45). 

Use of lethal mutations for gene mutation rate 

It is probable that all lethal mutations 
are not point mutations, but that some are 
connected to, and due to chromosomal 
aberrations (168, 196), or definite de¬ 
ficiencies (2.17). Calculations indicate 
that approximately 15 per cent of the 
induced lcthals are due to chromosomal 
irregularities (2.00). These lethals con¬ 
nected with chromosomal alterations do 
not increase in frequency in proportion to 
dosage, but increase rapidly with the 
heavy dosages (197, loo). 

The F 2 lethal method used with 
Drosophila docs not show all the induced 
mutations, but only the mutated chromo¬ 
somes, due to chance grouping of muta¬ 
tions at higher dosages (61,244). Group¬ 
ing occurs for given dosages with the 
frequency expected as a matter of chance, 
if allowance is made for the lethals due to 
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chromosome breakages; also all Fi lethals 
are found not to be lethals in the next 
(F») generation; however, this variation 
is about equal for the different dosages 
(ioo). 

Relation of intensity to chromosome 
irregularities 

That x-rays increase the frequency of 
inversions as well as lethal mutations in 
Drosophila has been reported by Sere- 
brovsky (2.43), Muller (167,168,169,170), 
and others. The direct proportionality 
of the frequency of induced sex-linked 
inversions and translocations for Drosophila 
was determined by Oliver (199, zoo), and 
of deficiencies for maize by Goodscll and 
by Stadler (2.61). Non-disjunction occurs 
proportionally to the increase in r-units 
only for lower intensities (45). 

Relation of wave-length to mutations 

Through a wide range of wave-lengths, 
Stadler (Z58) found that x-rays arc about 
equal in power to cause mutations in 
barley. Using Drosophila , Hanson (107) 
and also Gowcn and Gay (80) concluded 
that it is a question of quantity rather 
than quality; but Efroimson using equal 
r-units (1000) for the different scries 
studied found a slight variation in the 
induced lethal results. Antirrhinum is 
more susceptible to treatments of 30-50 
KV than to harder or softer rays, as a 
consequence of the favorable conditions of 
absorption (177). Packard and Lauritscn 
in their measurement of Drosophila death 
rate found that different wave-lengths 
through a wide range are effective. 

Natural radiation and spontaneous 
mutations 

In the experimental results, no threshold 
dosage has been found below which 
mutations are not induced. It seems prob¬ 


able that if the intensity is carried to that 
of the natural (earth) rays, the mutation 
rate will be proportional to that intensity. 
Low (natural) intensities do seem to 
induce mutations proportional to the 
ionization strength. With two measured 
intensities, one double the other, Babcock 
and Collins (12., 13) found that the higher 
intensity induced mutations in Drosophila 
with a frequency just twice as great as 
that for the lower intensity (13 lethal 
mutations in 1500 cultures as against 9 
in 3481). Radiations in a carnotite mine 
equivalent to a known radium test pro¬ 
duced 7 lethals in z86o test cultures to 1 
in 1308 controls (99, 100). Both experi¬ 
ments suggest the possibility of the in¬ 
fluence of natural radiations in the pro¬ 
duction of spontaneous mutations. 

Calculations based upon the induced 
results obtained with Nicotiana indicate 
that natural radiation may account for the 
known spontaneous rate of mutations 
(103). If the gene mutation rate in 
Drosophila is considered, natural radiation 
can account for only 1/1000 of the spon¬ 
taneous rate (i8z), nor is there sufficient 
radioactive substance in the organisms or 
food to account for the rate. Calculations 
of the ions needed for the production of 
one lethal mutation in the series studied 
by Efroimson also indicate that natural 
radiation is not sufficient to account for the 
rate in Drosophila . Due to the equal fre¬ 
quency of translocations and genes for a 
given dosage, Muller and Altcnburg (179) 
concluded that the natural cause of mu¬ 
tations probably differs from x-rays in 
that the former produces more gene as 
compared to chromosomal mutations than 
do x-rays. 

Agents active in production of mutations 

The secondary or beta radiation was sug¬ 
gested by Muller (170) as the effective 



RADIATION GENETICS 


393 


agent in the production of mutations. 
Due to the close correlation of the ioniza¬ 
tion and the mutation-rate curves when 
superimposed, and since the beta particles 
do cause the ionization, Hanson and his 
coworkers (97, 105, 107) believe they 
have distinctly shown the beta particles 
to be the active agents in inducing muta¬ 
tions. In this they arc supported by 
Timofeeff-Ressovsky (190); and Stadler 
(2.61) found that mutations may be pro¬ 
duced by the beta rays of radiothorium 
and by cathode rays. 

How agents produce mutations 

Mutations are results of the direct 
action of x-rays. It is the position in the 
path of the rays rather than chemical com¬ 
position that determines whether a gene 
mutates (170). This is shown by the 
fact that only one of a pair of allelomorphs 
is altered (170, x3x), by the fractional 
effect from the treatment of sperm (170), 
by the independence of the degrees of 
change and dosage (170, 2.31), and by the 
direct proportion of mutations to dosage 
(173, 131). Muller (173) has found that 
transverse induction docs not occur. Re¬ 
sults offer no evidence of a delayed effect of 
x-radiation cither in the subsequent gen¬ 
erations (167), or in somatic tissues (173). 
If the directly induced lethal mutations in 
Drosophila are eliminated by proper 
matings, subsequent matings produce no 
“delayed*' lethal mutations (87,2.88,190). 

In the production of fragmentation, 
x-rays cause a degree of instability in 
chromosomes that is expressed only when 
the chromosomes come under the influence 
of energized cytoplasm (68). Although 
gene mutations seem to be due to immediate 
action, fragmentation apparently is due to 
a “post action" in the form of a durable 
chemical change in the plasm or chromo¬ 
somes (118), and fragmentation is not due 


to a general condition within a cell, but 
to local combinations of conditions near 
the place of breakage. Patterson (2.31) 
concluded that part of the effect of irra¬ 
diation on elimination of a chromosome 
may be indirect. 

It may be that the x-rays do not induce 
mutations, but merely reveal a pre-existing 
latent state (46) or that they exert selec¬ 
tive action upon the normal type (190, 
191). To this Muller (176) docs not 
agree. The mutational effect of x-rays 
upon mature sperm of Drosophila is per¬ 
manent during the life of the sperm (108); 
and Muller (167, 168) believes that the 
death rate of mutated sperm is no greater 
than that of the unaffected. Harris found 
no correlation between the production of 
mutations in sperm and their viability. 

About half of the induced mutants prove 
to be sterile. Muller (168) observed that 
with most mutants the germinal does not 
correspond to somatic tissue, i.e., the 
mutants do not breed true. Hanson and 
Winkleman investigated 104 visible mu¬ 
tations induced in Drosophila with radium; 
of these, 43 were germinal; 80 did not 
breed true; 81 were sterile. 

Muller (173) believes that induced mu¬ 
tations for the most part arc not a result 
of the destructive action (losses) of the 
x-rays. Those mutations induced arc in 
part similar to the spontaneous ones; the 
proportion of lethals to visibles, or of 
dominants to reccssives, is similar to that 
in the spontaneous rate (168, 173). The 
genes that mutate more frequently spon¬ 
taneously, also do with x-ray treatment, 
and they are scattered along the chromo¬ 
some in the same way (168, 108, 131). 
That known chromosome abnormalities 
and gene mutations are not one and the 
same thing is shown by the partial sepa¬ 
ration of the two conditions with sex 
( 130 - 

All mutations are losses according to 
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Serebrovsky (143,143), and Dubinin (39). 
According to Stadler the possibility is not 
excluded that the induced recessive muta¬ 
tions are merely absences of dominant 
genes, although the appearance and be¬ 
havior of induced mutations are the same 
as the spontaneous ones. In barley, few 
if any dominant mutants are found (138, 
x6x), and this suggests the possibility that 
special classes of mutations are induced. 
Deficiencies in plants are lethal to the 
gametophytes. In maize among the 
plants grown from treated embryos, only 
the defective plants have the new 
(dominant) characters; and these traits 
are not reproduced to later generations 
(i6z). Patterson and Muller (131) recog¬ 
nize that some mutations may be losses, 
and Patterson (xvj) found that x-rays do 
produce many definite deficiencies that in 
so far as they can be measured cover only 
a single known locus. 

Some progressive, non-destructive mu¬ 
tations are produced by irradiation. Re¬ 
verse mutations in Drosophila of scute and 
forked have been induced (170, 131) and 
have been shown not to be due to sup¬ 
pressors. Eight mutations of normal to 
forked and eight of forked to not-forked 
were induced with none in an equal number 
of controls (173,131). In the latter case 
a mutation of a mutated not-forked to 
forked was reported, showing that the 
x-ray action is reversible. Somatic re¬ 
verse mutations also occur; however, the 
rate is not as frequent as for the other 
direction (118, 183, 184). Timofeeff- 
Rcssovsky also found reverse mutations for 
several loci on X and III of Drosophila 
(186,187). Changes that breed true have 
occurred in cotton from recessive forked 
to normal leaf, and from virescent yellow 
to green (117, 118, 119). In sorghum 
the change from recessive virescent yellow 
to dominant green has occurred (Hor- 


lacher, Karper and Quinby, reported for 
101). 

Difference in susceptibility 

Different loci in Drosophila vary in the 
frequency of induction (168,170,117,z86, 
187). Patterson (1x7) connects this varia¬ 
tion in some loci with the influence of 
deletions and viability genes. The fre¬ 
quency of deficiencies (loss of dominant 
genes) in maize varies for the different 
endosperm and plant genes tested (67,161).. 
Not only do different genes show a different 
mutation rate, but the rate varies for the 
same gene in different stocks (2.60). Timo- 
fecff-Ressovsky (191) found in the induc¬ 
tion of white and its allelomorphs that the 
Russian Drosophila melanogaster is more 
stable than the American. Whiting and 
Bostian (199) found different stocks of Hab- 
robracon to vary in the production of ‘ ‘Shot’ ’ 
wing, as did Stubbe (175) in the production 
of variations in Antirrhinum, and Britting- 
ham (17) in Oenothera. 

The condition of polyploidy causes a 
variation in the frequency of response to 
irradiation. Oats and wheat with a basic 
chromosome number of 7 have a mutation 
rate equal to that of barley, but the fre¬ 
quency decreases with the increase in 
chromosome number (157, 158, z6i). 
The lability of germ plasm after treatment 
is indicative of the evolutionary status of 
a species of Nicotiana, the species with 
the grexter number of chromosomes having 
a greater variation of responses (70, 73, 
74 . 77 > 

Glass found in Drosophila that the 
regions of the autosomes nearer the spindle 
fiber are more likely to be fragmented by 
irradiation. Oliver (100) also reported 
a greater susceptibility of the right end 
of the X-chromosome, although this may 
be explained as due to the large bulk of 
inert material in this region. 
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Evidence as to composition and behavior of 
genes 

Apparently a difference between the 
behavior of a gene in heterozygous and 
homozygous condition has been observed. 
When heterozygous agouti mice were 
subjected to x-ray, color was replaced by 
white; in homozygous agouti, by areas 
darker than the original. It is believed 
by Hancc (91) that the heterozygous de¬ 
terminer is weaker and destroyed; the 
homozygous, stimulated to greater pro¬ 
duction. 

In the analysis of the composition of 
the gene, evidence points to the fact that 
there arc no gene elements. Mosaic tissue 
that sometimes occurs is not distributed 
in patch-work order; no “after effect'* of 
irradiation is known; and most mutations 
arc stable (167, 168, 170). At time of 
treatment, however, genes are com¬ 
pounded in the sense that only a part of a 
gene mutates. This is seen in the frac¬ 
tional effects induced. Fractionals are ex¬ 
plained as due to the precociously doubled 
genes in the sperm, with only one 
daughter-gene responding to the treatment 
(167, 168, 170). Patterson (12.9, 131) 
found that mosaics from fragmentations 
do not appear after irradiation of female 
germ cells, although aberrant females do. 
He concludes from this and other results 
that the gametic chromosomes are not split 
in the eggs at the time of treatment, and 
that in the sperm the split has not always 
occurred. 

Evidences of essential (viability) genes 
(14, ix8) and support of the position- 
effect hypothesis discovered by Sturtcvant 
in Drosophila have appeared in irradiation 
experiments (54, 58,147). 

Gowen and Gay (80, 81) used measured 
ionization and the mutations induced to 
determine the gene number and size in 
Drosophila . They found from calcula¬ 


tions that there are at least 14,380 genes, 
each at least 1 x io~ 18 cm 8 in size. 

VII. USES OF IRRADIATION IN OTHER GENETIC 
PROBLEMS 

Mechanism of crossing over , synapsis, and 
reduction 

Induced exceptions have been used to 
substantiate evidence that crossing over 
occurs in the four-strand stage, and that 
assortment is determined at the spindle 
fiber end of X (7, 9). In the latter report, 
Anderson drew the conclusion that what¬ 
ever decreases the intimacy of synapsis, 
especially near the right end of X, causes a 
decrease in crossing over and an increase 
in the amount of secondary non-disjunc¬ 
tion. Dobzhansky's results (53) corrob¬ 
orate this conclusion. 

The results found with translocations in 
Drosophila suggest that the point of spindle 
fiber attachment of III plays an important 
part in the distribution of crossing over 
(49), although crossing over need not 
begin first at the spindle fiber (66). Ho¬ 
mologous rearrangements indicate a regio¬ 
nal differentiation in crossing over. With 
the ruby-lozenge region of the X-chromo- 
some moved nearer the spindle fiber end, 
crossing over occurs in that region with a 
frequency of one-third its previous value 
(193). Similar results with other altera¬ 
tions have been reported by Offcrman and 
Muller (196). Beadle (18) found with a 
homozygous translocation that the spindle 
fiber interferes with crossing over in its 
immediate neighborhood. 

In an investigation of reduction in 
translocation III—II, the point of fiber at¬ 
tachment seemed to have the greater 
weight in deciding the direction of migra¬ 
tion, since no non-disjunction involving 
fiber-attachments occurred. However, 
with a large fragment attached to IV, non¬ 
disjunction of IV occurred more often due, 
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apparently, to its small size as compared 
to the conjoined fragment (175). Investi¬ 
gations of several translocations indicate 
that one factor determining the disjunction 
of involved sections is the relative length 
of these sections; the spindle fiber is a 
secondary factor (51, 53, 57,178). 

Synapsis and crossing over arc due to an 
attraction between genes (homologous 
parts) rather than to the chromosomes 
as a wholc(5i, 53,57, 170). Homologous 
parts tend to synapse even when attached 
to unlike parts that bear the spindle fibers 
(17*3, 183). This is observed especially 
in reciprocal translocations of Drosophila , 
in which the two large V-chromosomes 
have exchanged arms. Somatic pairing 
is never normal, but is characteristic for 
the attraction of like parts (57, 2.02., 178, 
194). In maize, pairing was reported as 
that expected on attraction (152.), al¬ 
though recent work seems to determine 
that at certain stages this is not true 

053 )- 

Since chromosomes are tenacious, at¬ 
tractions pulling in different directions 
(translocations) or the conflict of attract¬ 
ing forces (inversions) limit crossing over 
(51, 53). Beadle and Emerson have used 
combinations of heterozygous transloca¬ 
tions, and from the results concluded that 
the reduction in crossing over near the 
point of fragmentation requires another 
factor than counter attraction as an ex¬ 
planation. Somatic pairing in Drosophila 
corresponds to the observed crossing over 
and corroborates the interpretation of 
Dobzhansky (31). If no crossing over 
occurs, the tendency is for the involved 
pair of chromosomes to show no attrac¬ 
tion; if crossing over occurs only in one 
arm, only one arm pairs with its mate in 
the homologous chromosome (101, 194). 
Genetic investigations of the influence of 
translocations on crossing over have been 
made with homozygous and heterozygous 


aberrations. In all the intervals studied 
by Dobzhansky (47) in homozygous trans¬ 
locations, crossover values were but 
slightly, if at all, different from the 
standard values. Later, Beadle (18) did 
find some variation in the regions near 
the fiber locus. In the heterozygous form, 
crossing over occurs between the fragment 
and its normal homologue, but with a 
reduced frequency (170). In general, 
crossing over is decreased in the whole 
limb that is fragmented and increased in 
the other limb (53 and earlier). If the 4 
break occurs near the fiber locus, crossing 
over in the fragment may or may not be 
affected (51). Van Atta (2.94) and Glass 
found that such a break did not affect 
crossing over in cither arm. The presence 
of a duplication of II (2.36) and of X (51) 
was found to decrease crossing over in the 
regions near the respective point of break¬ 
age even though otherwise a normal chro¬ 
mosomal configuration was present. 

Mapping of genes upon chromosomes 

The linear sequence of the genes in 
Drosophila as theoretically mapped is 
shown by the results with fragmentations 
to be correct. Genes involved in a trans¬ 
location or a deletion constitute a co¬ 
herent section of genes that corresponds 
to the fragment. However, the linkage 
maps do not represent the spacial relation¬ 
ship of the genes on the chromosomes. 
Crowded map regions are found to repre¬ 
sent greater lengths cytologically; sparse 
regions on the maps are not as long phys¬ 
ically in II and III (48, 49, 50, 51, 178, 
183) or in X (55, 184, xn, 113,114,115). 
All the known genes in X except bb are 
found to be in about the left half of the 
chromosome, the right half being homol¬ 
ogous to the Y-chromosomc. 

Mapping of chromosomes is made more 
definite by the use of irradiation. In the 
small IV of Drosophila the locus of ey has 
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been separated from bt by a fragmenta¬ 
tion (14). The use of an induced trans¬ 
location determined the pair of chromo¬ 
somes in Apotettix responsible for the 13 
factors for the dominant elementary color 
patterns (186, 187, 137). By a com¬ 
bination of the cytology and genetics of 
aberrations it has been possible to deter¬ 
mine the regional location and the order 
of genes in maize linkage groups (131, 
z6i). 

Sex determination in Drosophila 

Evidence that might offer some ex¬ 
planation of sex determination has been 
watched for in translocation and frag¬ 
mentation work. That the left half of X 
is probably not sex determining was con¬ 
cluded by Muller and Altenburg (178). 
Certain duplications of X did not prevent 
males from breeding, and these regions 
were considered to be free of sex deter¬ 
miners (114). Suggestions of the use of 
duplications and translocations were re¬ 
ferred to by Muller (173, 185). Evidence 
has also been sought in aberrant and 
gynandromorphic flics. Results by Pat¬ 
terson with special cultures indicate that 
a region near garnet may include a pri¬ 
mary sex-factor, gene or genes (2.2.1, 113, 
2.2.5)> but in an investigation using inter¬ 
sexes, duplications of X were found by 
Dobzhansky and Schultz (56) to cause 
a shift towards fcmaleness, the longer the 
piece the greater the shift. 

Variegated characters 

Every known case of mottled eyes in 
Drosophila involves the locus of white 
and some kind of fragmentation with re- 
attachment (14, 170, 173, 174, iz6). 
Muller (173) does not believe that the 
variegated condition can always be ex¬ 
plained as a loss. However, in one case, 
the fragment of X is attached to IV and 


apparently lost during somatogenesis. 
This mottling is interpreted by Patterson 
and Painter as due to an unstable trans¬ 
location (iz6,133). Gowcn and Gay (81, 
83) found evidence to support the con¬ 
clusion that the Y-chromosome plays a 
part in mottling, as does also temperature 

(84). 

The "cvcrsporting" eyes are dominant 
and variegated, and continually mutate 
(170, 173, 174, 195, 196). All induced 
dominant eye colors arc not variegated 
(198, 193, 2.94); but all observed varie¬ 
gated conditions arc in some way 
connected with fragmentation of an auto- 
some. Van Atta (2.93, 2.94) found the 
tested variegated mutants to be allelo¬ 
morphs, located in the right region of II. 
Glass located three groups of allelo¬ 
morphic genes for variegation, and found 
that variegation does not depend solely 
upon the connected fragmentation. Re¬ 
versions of the visible mutation back to 
the normal type occur, but the transloca¬ 
tions arc retained. Morgan, Bridges, and 
Schultz (163) reported one mosaic to be 
allelomorphic both to light and to 
brown. 

Maize endosperm mosaics arc due in 
part if not in all cases, to the loss of a 
part of a chromosome (158), and within 
these areas are spots that show recovery 
or return to the dominant type. This 
recovery occurs in control as well as in 
treated material, and in spots with no 
internal connections (159, 161). 

Oenothera problems 

The tendency for the induced trans¬ 
locations in some cases to form the old, 
parent combinations, the occurrence of 
mutual translocations, the decrease in the 
frequency of crossing over in heterozygous 
translocations, and the presence of a lethal 
condition in most homozygous transloca¬ 
tions are conditions that offer aid in the 
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explanation of the known conditions in 
Oenothera (57, 175, 178). Judging from 
somatic pairing when chromosomes of 
Drosophila have exchanged whole arms, 
rings probably are formed during mat¬ 
uration (57). 

Variations in the dose of definite genes and of 
chromatin 

One dose of purple (deficiency) pro¬ 
duced no exaggerated effect (161). Muller 
found that an increased dosage of genes 
caused an increased phenotypic effect. If 
rccessivcs are added, the effect approaches, 
or is greater than normal. These genes 
produce an effect like, but less than normal 
genes. On the other hand, bar and other 
dominants produce an effect different from 
that of normal (181). Dobzhansky and 
Sturtevant (58) found that the addition of 
the normal allelomorph in fragments docs 
not suppress the action of a recessive gene 
as strongly as docs the normal allelomorph 
in triploid condition. A similar condition 
was reported by Sivcrtzev-Dobzhansky 
and Dobzhansky. The explanation may be 
genetic balance or it may be position effect. 
A somatic cell in a"Drosophila male that 
loses a piece of the X probably dies. 


This conclusion is based upon observed 
scars of the eye (118) and on the lack of 
gynandromorphic parts having only the 
lethal C 1 B combination (113). Chroma¬ 
tin added as a duplication generally is 
expressed by phenotypic variations, al¬ 
though not in all cases. 

Other uses 

Irradiation has been used to study the 
r 61 e and significance of quantitative chro¬ 
mosomal changes which are reflected in* 
alteration of specific plant characters and 
to get self-perpetuating new lines in 
Nicotiana , differing from the untreated par¬ 
ents in external morphology (74, 75). 
Induced mutations have made the analysis 
of inversions less difficult (185), and an 
induced translocation has been used by 
Stern (171, 171) to aid in the cytological 
proof of crossing over in Drosophila. 
Variations in abundance occur with the 
proper irradiation of an organism. No 
method has as yet been reported by which 
the induction of the genetic effects may 
be controlled. It is possible only to ir¬ 
radiate and to accept the results produced, 
but each experiment presents new and in¬ 
teresting conditions. 
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ON THE DYNAMICS OF POPULATIONS 
OF VERTEBRATES 
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T HIS paper is a summary of a more 
extensive work on the biology of 
reproduction of higher verte¬ 
brates. The latter work, which 
is forthcoming, is devoted to the compara¬ 
tive study of the growth of populations of 
the higher vertebrates. The statistics of 
the game in hunting grounds are practi¬ 
cally the only source of information avail¬ 
able about the dynamics of populations of 
birds and mammals. A clear concept of 
the biology of the forms studied is of 
course necessary for analyzing these sta¬ 
tistical data, but in view of the briefness 
of this summary, attention is chiefly con¬ 
centrated on the analysis of the curves 
showing the growth of the animal popula¬ 
tion. The description of the biology of 
the animals and examples illustrating the 
character of a very important phenomenon 
—the recurrent plagues among verte¬ 
brates—are also reduced to a minimum. 

The analysis of the statistical data re¬ 
quired the adoption of such a method of 
investigation as should give the possi¬ 
bility of estimating the trustworthiness of 
the figures and at the same time of ascer¬ 
taining the relative importance of the 
single factors worked out in the course of 
evolution and determining the rate of 
growth of the number of animals of differ¬ 
ent species. I calculated theoretically the 
rate of increase in the numbers of animals 
on the basis of our knowledge of the fer¬ 
tility of animals as it is available in the 
literature, though this knowledge may 


not be very exact. I then compared the 
figures obtained theoretically with the 
figures representing the dynamics of animal 
population as observed in life. 

Since the logarithms of terms of a geo¬ 
metrical progression form an arithmetical 
progression, I plotted the logarithms of 
the yearly registrations. In this way I 
could judge, by the closeness of fit of the 
points to a straight line, the exact measure 
of correspondence between the theoretical 
results and the reproduction of animals in 
real life. This method enabled me to 
show that the growth of the numbers of 
vertebrates in life actually follows the 
exponential curve, determined, for differ¬ 
ent species, by the species constants of 
reproduction (Vide infra ) corrected for a 
definite value of the death-rate among the 
adults and among the young. 

A preliminary communication about 
some questions studied here more minutely 
has been already published (S. A. Scvcrt- 
zoff, 1930). Endeavoring to determine 
the curve of growth of animal populations, 
I followed the path traced by ichthyolo¬ 
gists studying in detail the age groups of 
different fish populations, whereas the 
majority of students of the growth of 
human population, as well as of the popu¬ 
lation of invertebrates easily reproducing 
themselves under conditions of laboratory 
life (Drosophila rmlanogaster and some other 
forms), arc satisfied with the study of the 
growth of the population as a whole. It 
was found in many cases that the growth- 
rate of the population could be adequately 
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represented by the so-called Verhulst- 
Pearl logistic function, 

k 

3 " , + ^+ta* 

The logistic curve has the form of an S 9 
showing that the absolute growth-rate 
increases slowly in the beginning of the 
period of growth, that it then accelerates, 
and that, finally, after a certain critical 
point of the density has been reached, it 
gradually decreases. 

Pearl (1910-1913) showed that the 
logistic curve adequately describes the 
growth of human populations. His ex¬ 
periments with Drosophila have also shown 
that the increase in numbers in conditions 
of laboratory life attains the greatest 
rapidity in the case of an optimum density; 
in the case of a smaller or a greater density, 
the growth is smaller. We cannot sec in 
the coefficients of Pearl's equation quanti¬ 
ties having a biological significance. It 
is plain at the same time that there is 
nothing in common between different 
biological phenomena underlying the proc¬ 
esses of reproduction of different forms, 
though they may be represented by one 
and the same curve. Chapman cultivated 
Tribolium confusum in a certain amount 
of flour. This flour was periodically 
renewed so that the quantity of flour might 
be sufficient for the population, but, while 
the number of worms increased, the rate of 
growth of the colony was delayed, be¬ 
cause, together with the flour, the insects 
devoured the eggs laid in it. 

A colony of Drosophila was bred in 
bottles of limited volume and in this case, 
as well as in the case just mentioned, the 
rate of reproduction decreased, while the 
population increased. The causes of the 
two processes being different, it is per¬ 
fectly plain that both these cases have 
nothing in common with the growth of 
human population. The complicated so¬ 


cial relations in conditions of class strife, 
the coefficients of death- and of birth-rates 
in different classes, the immigration and 
the emigration of the population and the 
relative development of the productive 
forces in different countries do not allow 
one to compare the growth rate of human 
population with the reproduction of ani¬ 
mals without a special analysis of both. 
Thus we have to admit that, though the 
logistic function gives us the possibility of 
representing the growth of the population 
from its external aspect, it does not assist* 
us in the understanding of the biological 
significance of the phenomenon. 

The large investigation of Fisher ap¬ 
peared in 1930. Fisher put forward an 
index of growth which he called: “the 
Malthusian parameter." He examined 
the fertility and the mortality rate of 
different age groups and suggested an 
equation which allows one not only to 
calculate the growth-rate on the basis of 
given birth- and death-rates, but also to 
foresee its dynamics in future. Unluckily 
the method of Fisher cannot be applied to 
animals, as he proceeds in his calculations 
from the mortality tables used by life 
insurance companies and from birth tables 
derived in the same way. These kinds of 
statistical data are available for human 
populations, but they do not exist for 
animals. 

The same year 1930 saw the publication 
of the work of Cholodowskij. The 
author considers only the mathematical 
aspect of the problems; he gives equations 
for the calculation of the number of ani¬ 
mals, when the following data are known; 
the number of pairs of ancestors, the age 
of sexual maturity, the length of the period 
between two consecutive parturitions of 
the female, etc., i.e., the inherited charac¬ 
ters, which we call the “constants of 
reproduction of the species;" he does not 
take into consideration the mortality of 
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the animals, which is reducing the poten¬ 
tial growth of the population. 

Pearl’s (1916) so-called “vital index" is 
evidently largely recognized by demo¬ 
graphers studying the growth of human 
population. This index determines the 
growth of the population of a given 
country by the ratio of the births (B) 
multiplied by 100 to the deaths (D). When 
the figure exceeds one hundred it means 
that the population is increasing, when it 
falls short of one hundred it means that it 
is decreasing. The difference between the 
fertility of man in different countries and 
the fertility of different species of verte¬ 
brates is so great that it is not possible to 
apply methods worked out for the human 
population, when we have to compare the 
fertility of different species, and in order 
to be able to make such a comparison I had 
to work out a special index of fertility of 
species. 

I dealt in my paper of 1930 with the fol¬ 
lowing questions: what arc the factors 
determining the growth rate of the popu¬ 
lation of different species; what is the 
curve formed by the growth of the popula¬ 
tion, and what arc the factors delaying or 
interrupting the growth? The index of 
species fertility which I suggested—£— 
allowed one to characterize, in a first 
approximation, the relative fertility of 
different species in so far as this fertility 
depends on the inherited characters of the 
individual. 

In life we always have to do with the 
reproduction of a certain number of indi¬ 
viduals forming a herd, this reproduction 
going on for several years. In the case of 
the majority of vertebrates the parents arc 
still living when their young have attained 
the age of maturity and are breeding in 
their turn. Thus the herd is composed of 
several age groups. Every year a certain 
number of the individuals of each group 
perish and the diminution of each age 


group is compensated, as a rule with some 
surplus, by individuals of the next younger 
age group. Thus the age composition and 
the curve of increase in numbers arc deter¬ 
mined by the birth- and death-rates of the 
age groups composing the population. 

We shall begin by considering the rate of 
reproduction of vertebrates (without first 
taking into account the mortality of ani¬ 
mals) and we shall try to compare the 
potential fertility of different species. 
(My conception of the potential of fertility 
nearly approaches Chapman’s conception 
of the biotic potential, which he proposed 
some time ago, but which was unknown to 
me till the year 1933. However I prefer 
to retain the term “the potential of the fer¬ 
tility of species” because as it seems to me, 
it expresses my idea more clearly and more 
adequately.) Each herd reproduces itself 
according to the rate of individual devel¬ 
opment and the fertility of the individuals 
forming the herd, and we have to trace 
how far the characters of the individual 
are manifested in the fertility of the herd. 

The potential rate of increase of the herd 
depends upon the inherited characters of 
the individuals of each species, which may 
be called constants of reproduction of the 
species; these constants are just as charac¬ 
teristic of the species as its morphological 
characters. Such constants are the fol¬ 
lowing, calculated by the method of 
variational statistics: the number of the 
young produced every year by one pair (r); 
the age of the first parturition, i.e., the age 
of sexual maturity plus (for mammals) the 
length of the period of pregnancy (/); the 
period between two consecutive parturi¬ 
tions of the female (f ). The relative 
number of the sexually mature males and 
females in the herd and the percentage of 
barren females have, so it seems, only a 
secondary importance and the deviation 
from equality of the numbers of males and 
females, in the case of vertebrates, is 
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hardly determined by heredity. A thco- duced by the female every year (r), the in- 
retical curve of the increase of the herd can crease of the herd being the more rapid, 
be drawn for each species when the above the greater the value of r (Curves />,, 
named figures are known. Several curves jtri). When r is constant the repro- 



YEARS 

Fig. i. Theoretical Curves op thb Increase op the Herd, pop Different Values op the Species Constants 

j ■» age at first parturition, r «■ number of the yoimg produced by the female per year. The curves show 
that the rate of increase is accelerated with increasing r and reduced with increasing /. 

calculated from the formula of Cholo- duction of the species is slower, the 

dowski) (1930) are given in figure 1. greater the value of j (j being > 1 year). 

Examining them we see that the rate of The rate of growth is still slower when the 

growth of the herd is determined in the females do not bear every year, but at 

first place by the number of young pro- longer intervals of time, for instance once 
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in two or three years. The retardation of 
the growth of the herd, when p has a 
value greater than one year, is propor¬ 
tional to r . 

Examining the curves of figure 1, we 
find that the difference between the course 
of the curves f\jx and r\j% is considerably 
greater than the difference between the 
course of the curves ri/ 2 and ri/ 3 , and that 
this difference is entirely due to the value 
of j in this interval. The comparison of 
the curves of potential fertility of the herd 
brings us to the conclusion that the differ¬ 
ent species of vertebrates can be arranged 
according to their fertility in a very regu¬ 
lar sequence, not only the number of 
young, but also other constants of repro¬ 
duction of the species being of importance. 

The growth rate of the herds of two 
different species may be the same, although 
the number of young borne by the females 
of these species be different, if the con¬ 
stants of reproduction j and p have corre¬ 
sponding values. Now we can express 
the index of the species fertility (#) by the 
equation 



where Fj < j . The exact function of 
j (l 7 ;) was not ascertained by us, but the 
examination of the curves shows that 
Fj < j . Still we may use /, as the changes 
in Fj correspond to the changes in ;. In¬ 
troducing into this expression the values 
of the figures for the constants of each 
species we can characterize the fertility of 
one species in relation to another by one 
figure. 

We have to note here that from the point 
of view of the biology of reproduction of 
the herd the constants j and p are not only 
temporary categories, as they appear to be 
at first sight, but, together with the per¬ 
centage of the barren females and the rela¬ 
tive number of the individuals of different 
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sexes, they represent the coefficients deter¬ 
mining the number of those individuals in 
the herd that are not bearing every year. 
The individuals not bringing forth any 
issue in the given year, cither because they 
have not yet attained the age of sexual 
maturity or because they have bred the 
year before, still go on living in the herd; 
together with the others they use up the 
food supply of their habitat ( Wohnraum of 
German authors) without taking part in 
the reproduction of the herd. The yearly 
reproduction of the herd evidently depends 
upon the number of the bearing females 
alone arid this number may be greater or 
smaller according to the value of; and p. 

I showed in my work of 1930 that the 
duration of life of the individuals, as 
characteristic for the species, stands in an 
inverse proportion to the logarithm of the 
index of the species fertility q. The fer¬ 
tility of the species decreases with in¬ 
creasing duration of life not only at the 
expense of the reduction in the numbers of 
the young produced by the female, but also 
in consequence of the rise of the values of 
j and p, that is, in consequence of the 
reduction in the numbers of bearing fe¬ 
males in the herd. 

However, we cannot confine ourselves to 
the comparison of the potential fertility 
of different species, the growth of the 
herd of any species in nature being reduced 
by the mortality of the individuals in their 
struggle for life. In accordance with A. 
N. Scvertzoff (1917) wc ma y distinguish 
the mortality of the young individuals, 
sexually immature, and the mortality of 
the adult animals, the age of sexual ma¬ 
turity representing the limit after which 
the young animals generally attain the full 
development of the characters distinctive 
of the species. The reproduction of the 
animals is subject to a yearly cycle and 
generally falls in the spring and summer 
period of the year. According to the 
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length of the period of gestation and of the 
development of the egg, some species bear 
in the summer of the same year, when they 
have attained sexual maturity, while other 
species, with longer periods of gestation, 
having attained sexual maturity in autumn, 
bring forth a brood in the summer of the 
following year—e.g., the reindeer, the 
horse and other species, where the period 
of gestation lasts 9 to 11 and more months. 
Therefore, examining the growth-rate of 
the herd I think it preferable to take into 
consideration not the age of attained 
sexual maturity, but the age of the first 
parturition of the female, i.e., the age of 
attained sexual maturity plus the length 
of the period of pregnancy. This is in so 
far preferable as it is exactly the moment of 
the birth of the individual, which is of im¬ 
portance for the course of the geometrical 
progression of reproduction. Thus we 
shall distinguish, the mortality of the 
young animals for the period j from the 
mortality of the adults and designate it by 
the letter m . 

We can distinguish in the total number 
of any species three groups of different 
ages: (1) the sexually immature indi¬ 
viduals, born in the given year or earlier; 
00 the adult and breeding individuals 
forming the main group of the species; and 
(3) the old individuals which have out¬ 
lived the period of activity of the sexual 
glands and are unfit for reproduction. If 
we examine only the growth of the adult 
group, which is increasing at the expense 
of the young group, having outgrown the 
period of mortality in the early age, the 
coefficient of mortality introduced by us 
will be equivalent to the decrease in the 
numbers of the new-born young. There¬ 
fore the curves of Figure 1 may be con¬ 
sidered as showing the increase in the 
numbers of adult individuals out of whose 
brood the number r x ** r — m attain the 
age of first parturition (where r > m ). 


If the yearly fluctuations of the mor¬ 
tality of the young arc not considerable, 
they evidently cannot change the character 
of the curve of the potential growth of the 
herd and transform the exponential curve 
into a logistic one. Such a change might 
take place only in the case where the in¬ 
crease in the mortality rate among sexually 
immature young or among the adults was 
progressing according to the growth of the 
population or in the case of a corresponding 
increase of the birth rate. Further invest 
tigations must show whether such phenom¬ 
ena take place in the life of vertebrates. 

We possess hardly any figures charac¬ 
terizing the mortality of the adult indi¬ 
viduals, but we know that it is subject to 
violent fluctuations and that there arc 
years when it acquires the character of a 
mass plague. A series of observations 
leads to the conclusion that the periodic 
mass plagues arc not an accidental, but a 
regularly recurring phenomenon dependent 
upon periodic changes in the external 
environment of the animal. Different 
species react differently to the same 
changes in their environment, according 
to peculiar characters of their constitution 
and their biology, as they have been 
worked out in the course of evolution. 
Fur-trade statistics and direct observa¬ 
tions of the number of different species in 
nature have shown that there arc years 
when the number of animals abruptly de¬ 
creases and that it then gradually rises to 
the former level (Turkin, 1900; Elton, 
1917). These declines arc not brought 
about by man, interfering with the condi¬ 
tions of life of the animals, but by natural 
causes. 

We have to look for the causes of the 
plagues in the first place to violent devia¬ 
tions from the optimum of the climatic 
conditions, acting sometimes directly, 
sometimes indirectly. The climatic ele¬ 
ments vary about a certain mean, extreme 



DYNAMICS OF POPULATIONS 


4 i 5 


deviations occurring more rarely than 
slight ones. An extraordinarily deep 
snow in winter, covering the green herb¬ 
age, results in the starvation and death 
of herbivorous animals. Snow-storms, 
glazed frost, inundations, droughts, 
prairie- and forest-fires, dearth of pastur¬ 
age increase the mortality directly or 
indirectly and bring about mass plagues. 

It is not always absolute deviations from 
the optimum of one of the climatic ele¬ 
ments that are of greatest moment for 
animals, but often certain combinations of 
these elements, which can hardly be de¬ 
tected by meteorological stations of the 
ordinary kind; thus a plague may be 
caused in winter time by a comparatively 
slight fall of temperature, after a thawing 
of the snow and a rain, when the ground 
is covered by a hard ice-crust which pre¬ 
vents the animals from grazing. A plague 
among the herbivores naturally deprives 
the carnivorous animals of food and they 
die of starvation. Different species react 
differently to changes of climate and other 
factors in their environment, and a depres¬ 
sion which means death for less resistant 
animals can be borne comparatively well 
by more resistant ones. 

Another essential category of causes 
bringing about plagues among animals is 
epidemic diseases. A pest epizootic in the 
nineties caused the death of 90 per cent of 
the ungulates in Africa. We know of 
anthrax epizootics among reindeer, of 
coccidiosis and helminth infections among 
rodents and ungulates. In so far as infec¬ 
tious diseases resulting in plagues are 
brought about for each species by specific 
bacteria, protozoa, or helminth parasites, 
we have to admit that the agent of the dis¬ 
ease always exists in the host population 
and that in certain conditions, increasing 
the possibility of infection of healthy indi¬ 
viduals or reducing the resistance of the 
host in relation to the parasite, the disease 


spreads widely and can attain the character 
of an epidemic. 

Direct observations have shown that a 
rainy summer with its many pools in¬ 
habited by Limnaea stagnalis , the inter¬ 
mediate host of Fasciola hepatica , contrib¬ 
utes to the infection of hares, reindeer, 
sheep and some other herbivorous animals 
by the larvae of this parasite. When the 
same climatic conditions have caused an 
under-feeding of the game and thus reduced 
its resistance and its capacity to withstand 
the parasite, a violent infection will bring 
about an epidemic plague. When the 
number of animals of any species has 
reached its peak during a favorable period 
of the summer half-year, the food being 
sufficient and more animals being able to 
live on the same space, or during a period 
of several consecutive favorable years and 
when after this the conditions change for 
the worse, the numbers of animals prove to 
be so great that the conditions of life for 
each individual also change for the worse. 
The individuals cannot resist the disease 
and the density of the population itself 
contributes to the infection. 

For the majority of rodents we arc able 
to establish a regular periodicity of epi¬ 
demic plagues from infectious disease, 
following on a mass reproduction of ani¬ 
mals. The same periodicity has been 
established by Elton (192.7) for predators 
preying upon these species. However, at 
least according to fur-trade statistics, such 
a regular periodicity could not be traced in 
relation to ungulates and less fertile ro¬ 
dents (Castor fiber). Nevertheless what 
has been said above about recurrent violent 
deviations of climatic factors from the 
average and about epidemic diseases forces 
us to admit that all species are, from time 
to time, subject to plagues, but that the 
frequency of these plagues must be different 
according to differences in the constitution 
and in the biology of the species. 
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There is one more point of great mo¬ 
ment, which has to be considered. Plate 
(1913) is right in pointing out that plagues 
caused by abiotic factors are not connected 
with the density of the population; a 
sparse population may perish from inunda¬ 
tion, glazed frost, or dearth, just the same 
as a dense one. Therefore, insisting upon 
the fact that the resistance of different 
species is different in regard to the same 
changes in their environment, we think 
that within the limits of the same species 
extreme deviations from the optimum 
exceed the endurance of individuals to such 
an extent that their individual character¬ 
istics lose their importance and survival is 
subordinate to the law of great numbers. 
Therefore the greater the number of indi¬ 
viduals forming the population of a 
locality before the breaking out of a plague 
caused by abiotic factors, the greater will 
be the number of individuals surviving the 
plague, and the more certain the restora¬ 
tion of the level needed for enabling the 
species to survive the next coming depres¬ 
sion. If any of the species does not suc¬ 
ceed in restoring its level a still smaller 
number of individuals will survive the 
next coming depression and the species 
will die out. 

We have laid stress on abiotic factors of 
the plagues because the conditions for the 
possibility of surviving depressions caused 
by abiotic factors require the highest 
possible population. A dense population 
is a factor favorable for the spreading of 
epidemic diseases which also destroy the 
population according to the law of great 
numbers, although this density is not the 
only cause of diseases. We hold that the 
fertility of the species must correspond to 
the statistical recurrence of fluctuations in 
abiotic factors dangerous for the species, 
but in cases when the next depression is 
late in coming and the population has 
reached its highest density, there appear 


conditions favorable for the development 
of epidemic diseases. This fact must lend 
to the periodicity of epidemic diseases a 
greater regularity. 

Direct observations on the periodicity 
of plagues show that some species are sub¬ 
ject to them more often than others. 
From what has been said above about the 
potential fertility of animals and about 
some species being so much less fertile 
than others, it follows that if the fre¬ 
quency of the plagues caused by epizootics 
or by extreme deviations of climatic factors 
from the optimum were the same for fertile 
species as for infertile ones, the less fertile 
species would not have time enough dur¬ 
ing the favorable period for the restoration 
of their numbers reduced by the plague; 
therefore in a comparatively short time 
these species would disappear from the face 
of the earth. This shows the utter im¬ 
possibility of admitting a simple perio¬ 
dicity in the mass reproduction of different 
species, connecting it with the periodicity 
of climatic fluctuations, resulting from the 
11 year cycle of sunspots, as is done by 
Elton (1917). 

As has been observed for many species, 
the coefficients of the periodic reproduc¬ 
tion and of the dying off of the population 
must be specific for each species and must 
correspond to the potential fertility and 
to the mortality rate of that species be¬ 
tween two plagues. We can gain knowl¬ 
edge about the rate of growth of the herd 
in the periods between two plagues only 
by studying the actual increase of the 
animal population in nature. Holding it 
necessary that specific investigations 
should be organized chiefly in national 
parks, we think nevertheless that, al¬ 
though the data already accumulated have 
been gathered with a different purpose and 
although they are not always sufficiently 
precise and complete, it is still possible to 
use them in order to make an attempt to 
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approach the question of the dynamics of 
a herd of vertebrates. 

II 

We arc in possession of some statistical 
data left from the former imperial hunt in 
Gatchino near Leningrad, concerning the 
number of five species of game of the grouse 
family (Tetraonidae) and also the number 
of roes (Capreolus capreolus] ), these data 
recording the results of the hunting and 
of the struggle with predators for a period 
of 15 years—from 1886 to 1909. A report 
on these statistical data was presented 
by the chief administrator of the hunt, 
Dietz, at the Second Congress of Hunters 
in 1909 and they were published in the 
Proceedings of the Congress, but unluckily 
without the explanatory notes. The gap 
has to be filled up by desultory indications 
of Dietz, made at the Congress, and by 
some material drawn from the literature 
on the subject. 

The imperial hunting grounds extended 
over more than 100,000 hectares and were 
carefully guarded against poaching, any 
unregistered shooting being thus excluded. 
The percentage of the game shot in the 
hunting grounds is very low. At the same 
time the curves representing the numbers 
of the birds of prey which were shot show 
a permanent increase due to the growth of 
the numbers of the game; thus we sec that 
in the Gatchino hunting grounds the 
natural correlation between the predatory 
birds and mammals and their prey and also 
the standards of the reduction in the num¬ 
bers of the game in its struggle for life were 
not seriously upset. 

The use of the statistical data concerning 
the quantity of game in Gatchino pre¬ 
sented a certain difficulty since the data in¬ 
cluded only the following points: the 
number of the young in each nest for each 
year, for all species taken together, and the 
total number of the young. I had there¬ 


fore to calculate the number of the young 
for each species separately on the basis of 
the average number of the young in the 
nest, correcting the figure obtained for the 
fertility of each species. After summing 
up, for verification, the number of the 
young of each species, I compared the 
figures obtained with those given by 
Dietz and found the difference to be 1 to 2. 
per cent. Taking into account the degree 
of precision attainable by the registration, 
this difference may be considered unim¬ 
portant. The number of breeders and the 
figure for the young being known for June 
and July of each of the 2.5 years I could 
calculate the yearly percentage of growth 
in the number of breeders, the percentage 
of survival and of the reduction in the 
numbers of the young for the winter period 
and, finally, Pearl’s vital index; the num¬ 
ber of the eggs laid by each female and 
consequently the number hatched not 
being given, I had to adopt for this num¬ 
ber the number of the young in summer 
with the subtraction of the figure for the 
game shot. These calculations were made 
for the capercailyes (Tetrao urogallus ), for 
the black grouse (Lirurus tetrix ), the heath- 
cock ( Tetrastes bonasia ), the ptarmigan 
([Lagopus sp.), the partridge (Perdrtx 
cinered) and the pheasant ( Fasianus colcht - 
cus). All these birds arc non-migratory 
and very slightly nomadic. This gave me 
the certainty that the figures obtained 
showed the real mortality rate and not the 
result of migration from the territory. 
Tracing the fluctuations in the numbers of 
these birds during a period of 15 years I 
could note a scries of peculiarities in the 
reproduction of each species, but I shall 
give here only the description of the 
growth rate of the herd of partridges, and 
in part of the capercailyes. 

In Gatchino the partridge was the most 
numerous bird. It is a very fertile bird, 
laying from 15 to 14 eggs. The young 
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partridges build their nests in the spring determined by the number of birds surviv- 
of the first year of their life and both par- ing the winter. The percentage of the 
ents take care of the brood. The growth surviving young birds appears to be very 
of the herd can be easily followed in Figure constant; we determined it as the ratio 
z and Table i. The number of birds for between the number of the young of the 
the summer of each year is represented by preceding year and the increase of the 
a column, the black part corresponding to adult birds of the following year, when 
the number of breeders and the other part the birds, having survived the winter, 
to the number of the young brood at the began to breed in their turn. From year 
moment of the registration (about June or to year the percentage of survival was 5 to 



F10. 1. Diagram of thb Dynamics of the Hero of Partridges (Pbrdrix cinbrba) in Gatchino for the 

YBAR8 1885-1909 

Each column represents the number of birds in the summer of the corresponding year 

July). The shooting of the partridges 6 per cent of the total number of the young 
in Gatchino was not considerable; it bred during the summer minus the birds 
amounted to only 6 per cent a year and * shot; this secured the increase of the 
could not affect sensibly the number of breeders in favorable years to the amount 
birds. We see that the number of par- of 2.8.4 per cent. The reduction in the 
tridges was subject to very great fluctua- numbers of the young brood during the 
tions. The young birds, registered one winter was rather less as obviously there 
summer, passed in the spring of the next also perished a certain number of the old 
year into the group of breeders; thus the individuals. This latter number is un¬ 
increase in the number of breeders was known to us but in some measure it in- 
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creased the percentage of the reduction in 
the numbers of the young. The reduction 
in the number of the whole herd was 70 
per cent on the average. The reduction 
in the numbers of the brood in winter, as 


taken together, was considerably reduced. 
We can trace a perfectly regular increase 
in the number of the breeders during six 
years, then an abrupt decline during two 
years, the decline in the second year 


TABLE i 


Dynamics of tht Herd of Partridge , Perdrix Cinerea t in Gatchino 


YEARS 

NUMBER or 
BREEDERS 

<?+ 9 

NUMBER 07 
YOUNO FOR THE 
SUMMER 

GAME SHOT IN 
PER CENT 

MORTALITY IN 
THE HERD — 
GAME SHOT 

SURVIVAL OF 
THE YOUNG FOR 
THE WINTER IN 
PER CENT 

MORTALITY OF 
THE YOUNG FOR 
THE WINTER IN 
PER CENT 

GROWTH AND 
REDUCTION OF 
BREEDERS IN 
PER CENT OP 
THE NUMBERS 
OF PRECEDING 
YEARS 

1886 

IO4 

363 

14.3 

— 

— 

— 

— 

1887 

ll6 

903 

2-4 

40.0 

39 - 2 . 

60.9 

+ 217.0 

1888 

**8 

896 

1.1 

75 - 2 - 

32 

97 0 

+ 140 

1889 

314 

II98 

10.8 

71.1 

6.8 

93 2. 

+11 O 

8k 

CO 

454 

2-043 

00 

68.1 

11.0 

88.0 

+ 45 ° 

189I 

646 

2.968 

1.6 

72.0 

9.8 

89.1 

+ 43 -° 

1891 

302. 

950 

3 5 

94 5 

0.0 

100.0 

-53.O 

1893 

168 

1010 

58 

76.0 

0.0 

100 0 

— II .O 

1894 

3*4 

1112. 

0.1 

70.3 

4.8 

95 2. 

+ 17-0 

1893 

390 

1534 

58 

72-.5 

6.8 

93 2. 

+ 14.0 

1896 

540 

1III 

5-9 

67.4 

10.3 

89 7 

+ 38 O 

1897 

600 

1604 

6.4 

72--7 

3-2 

96 9 

+ 11 .O 

1898 

7 i 4 

2-934 

3-4 

72.-5 

4.6 

95-4 

+ 19.0 

1899 

552 - 

1698 

11.9 

96.8 

0.00 

100.0 

-15.0 

1900 

412. 

1411 

7-2 

72.7 

0.00 

100.0 

— 19.0 

1901 

636 

2.186 

7-3 

60.0 

1.61 

98.4 

+ 50.0 

1902. 

380 

1315 

6-7 

82.3 

0.00 

100.0 

— 40.0 

1903 

33 * 

IO3I 

3-2 

75-5 

0.00 

100.0 

— 11.O 

1904 

348 

ll8l 

9.6 

72.-3 

1.6 

98.4 

+ 5 0 

1905 

394 

1414 

— 

67.0 

4-3 

95-7 

+ I 3-0 

I906 

410 

1499 

23-5 

77-4 


100.0 

+ 4-0 

1907 

188 

911 

27-3 

68.5 

0.00 

100.0 

— 30.0 

I908 

360 

1048 

3-6 

40.1 

9 5 

90 5 

+ 15 -O 

1909 

390 

1311 

— 

70.0 

19.8 

70.1 

+8.0 

Mean. 

63 

00 

6.45 

97 - 2 . 



Mean growth in the numbers of breeders for the years of growth « 18.4% 
Reduction in the numbers of breeders 

(a) for the first years of the plague « 39.0% 

(b) for the second years of the plague «■ 14 0% 


calculated by me, was as much as 90 to 95 
per cent for the years when an increase in 
the number of breeders could be observed. 
The examination of the diagram shows 
that there were years when the number of 
the whole herd, old and young individuals 


being somewhat less than in the first; 
after this comes a second period of six years 
of regular growth in numbers and a new 
decline followed by a comparatively in¬ 
considerable increase in numbers during 
three or four years, then again declines on a 
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smaller scale than the two first ones. It 
is evident that we have to do here with a 
periodic mass reduction in the number of 
birds, but no explanation of its causes is 
to be found in the records of the Gatchino 
hunt. 

However, the knowledge of the biology 
of the partridge shows that these birds 
perish in large numbers during a severe 
winter and that besides they suffer from 
epidemic diseases and helminth infections. 
Unregistered shooting and lawless exter¬ 
mination of the game were excluded in 
the conditions of the Gatchino hunt, there¬ 
fore we can admit only natural causes of 
the plague. Our attention was arrested 
by the fact that the reduction in the num¬ 
bers of the herd went on for two or three 
consecutive years, (except, perhaps the 
year 1900) (Fig. i). A plague caused by 
abiotic factors could last only through one 
winter but if the cause of the plague were 
disease or infection by parasites, the effect 
of these causes could last through periods 
exceeding one year’s cycle, stopping only 
when the population had attained the 
sparseness necessary for preventing the 
parasites from attacking the healthy indi¬ 
viduals too easily. A minute comparison 
of the fluctuations in the numbers of game 
with meteorological records of the chief 
geophysical observatory did not give any 
positive results. 

Concerning the plague of 1900 I have 
some doubts, seeing that after the reduc¬ 
tion in numbers of that year there was a 
very large percentage increase of the 
breeders. The old birds that had passed 
the age of breeding were evidently not- 
registered; meanwhile it often happens 
that young birds perish in large numbers 
as a result of the spring frosts; while older 
ones safely survive them. We have thus 
come to the conclusion that the reduction 
in the numbers of the breeders in the year 
1900 was only an apparent one. 


Pearl's vital index of the partridge is 
very characteristic for this fertile bird; it 

proved to be 100 = 107 on the average 

for 13 years. Leaving out the first and the 

last year we have 100 ^ = 101.1 or an 

almost total absence of any growth, al¬ 
though in the intermediate years the in¬ 
crease of the number of birds was very 
great (from 1000 individuals to 3600). 

Wc can also note a very interesting coin¬ 
cidence between the five or six year perio¬ 
dicity in the increase of the numbers of the 
partridges with the duration of life of this 
bird, which, according to Mitchell (1911) 
attains seven years. 

From the regular disposition of the log¬ 
arithmic points showing the yearly number 
of the breeders, we can sec how regular 
was the rate of reproduction of the par¬ 
tridges. On Figure 3 the years arc marked 
along the abscissa, the logarithms of the 
numbers of the yearly registration along 
the ordinate. The regular disposition of 
the points shows that the growth of the 
population followed the exponential curve 
determined by the species constants of the 
partridge, corrected for the mortality rate 
for the first year of life, which for the par¬ 
tridge coincides with the age of the first 
production of young by the female. The 
mortality of the young was as high as 90 
per cent. Examining the disposition of 
the logarithmic points on Figure 3 we see 
that the points of the ascending as well as 
those of the descending range are disposed 
with more or less regularity on straight 
lines. This alignment shows that the 
reduction in the numbers of birds also 
regularly followed a negative exponential 
curve. What is the reason for that reduc¬ 
tion? If the increase of the mortality rate 
had been caused by climatic factors, for 
instance by a very severe and snowy win¬ 
ter, we could expect to find an abrupt 
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decline in the numbers of birds during one 
winter but, this cause ceasing to act the 
next spring, the number of birds ought to 
have again increased. The disposition of 
the points indicates a cause acting for 
more than one year. Volterra (192.8) 
points out that the decline in the numbers 
of herbivorous species as a result of en¬ 
counters with predatory species follows a 
descending exponential curve. He in¬ 
cludes under predators the agents of dis¬ 
eases. The simplest explanation of the 
periodic plagues recurring among the par¬ 
tridges is the helminth invasion. The 
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proved to be very near the figures which 
we had obtained for the partridges; peri¬ 
odic plagues were observed for other birds 
as well with the exception of the caper¬ 
cailyes (Tetrao urogallus ). During the 
whole period of Z5 years there was not a 
single considerable decline in the numbers 
of the capercailyes, but the growth of the 
herd of this species proved to be much 
slower than the increase in the numbers 
of partridges. Without entering into a 
closer analysis of the increase in the num¬ 
bers of capercailyes, suffice it to say, that 
the duration of life of this bird is consider- 



YEARS 

Fio. 3. Thb Partridob (Pbrdrix cinbrba) in Gatchino 

The years from 1886-1909 (15 years) are marked on the abscissa. The logarithms of the numbers of breeders 
are marked on the ordinate. The regularity of the disposition of the points in relation to the straight lines 
shows the regularity of the yearly growth, interrupted by periodic plagues. 


frequency of the encounters between the 
predatory birds and their prey causing the 
infection of the healthy individuals is a 
function of the number of partridges, 
therefore the frequency of the infection 
and the mortality rate must decline with 
the reduction in the numbers of the herd. 
This is exactly what happens in reality. 
In the first year of the plague there per¬ 
ished on the average 40 per cent of the 
whole number of breeders, in the second 
year only 14 per cent. 

The index of survival and the mortality 
rate of the young for other species of birds 


ably longer. According to Brehm it has 
been known to live in captivity for zo 
years. The capercailye attains sexual 
maturity at a considerably later age than 
the partridge. It begins to build nests 
and puts on the definite male attire of an 
adult cock in the third year of its life; 
the female lays fewer eggs than the par¬ 
tridge, from seven to nine on the average. 
In accordance with the smaller value of r 
and the greater value of j the reproduction 
of the capercailye goes on at a slower 
rate, and in accordance with the duration 
of its life it needs a longer period of time 
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for populating its habitat. The partridge 
reproduces itself more rapidly; the resist¬ 
ance of the individuals being less, the 
plagues and the frequent exterminations of 
the population arc compensated by the 
fertility of the birds. At the same time 
the mortality rate of the young is prac¬ 
tically the same for the two species of 
birds (90-95 per cent of the yearly brood). 

Not only birds but also roes (Capreolus 
capreolus') were bred in the Gatchino 


not exist in Gatchino, were imported from 
Germany to the number of 18 males and 
19 females; three bucks and six does were 
supplied from the Oural and two females 
and one male from the Caucasus; much 
later, in 1907, three does and three males 
were brought from Atchinsk. In the be¬ 
ginning the roes were kept in an enclosure. 
In 1891 forty-one of them were let free into 
the forest; the data not being available 
for the years 1893, 1894, 1895, we have 


TABLE 1 


Dynamics of the Herd of Roes (Capreolus capreolus') in Gatchino 


YEARS 

NUMBER OF THE 
ROES IMPORTED 
INTO GATCHINO 

GAME SHOT 

NUMBER OF ROES 
IN THE FORESTS 

GROWTH OF THE 
HERD IN PER CENT 
OF THE NUMBERS 
OF PRECEDING 
YEARS 

SURVIVAL OF THE 
YOUNG IN PER 
CENT 

MORTALITY OF 
THE YOUNG FOR 
THE PERIOD 

V 

189I 

IOC? + H 9 

— 

4* 

— 

— 

— 

1893 

1894 

1895 

— 

I 

— 

— 

— 

— 

30"+ 69 

— 

— 

— 

— 

— 

1896 

— 

— 

59 

— 

— 

— 

1897 

. - 

— 

72. 


30.0 

70.0 

1898 

— 

— 

— 

— 

— 

— 

1899 

— 

I 

117 

76.0 

64.O 

36.O 

I9<X> 

— 

— 

160 

16.0 

6l .O 

39.0 

1901 

— 

— 

104 

18.0 

570 

43.0 

1901 

— 

— 

187 

41 .O 

55-0 

45-0 

1903 

— 

I 

3^-1 

11.O 

17.0 

73 0 

1904 

— 

1 

42-5 

31.0 

64.O 

36.0 

1905 

— 

— 

498 

15.0 

18.0 

71.0 

1906 

— 

— 

635 

17.0 

57.0 

43.0 

1907 

3d’ + 3? 

I 

755 

19.0 

35 0 

65.0 

1908 

— 

— 

872. 

16.0 

19.0 

71.0 

1909 

— 

6 

1068 

13.0 

48.0 

51.0 

Mean. 

46.0 

<4,0 




hunting grounds. The results of this 
breeding are of great interest, representing 
as they do an extremely rare case of the 
reproduction of a large mammal during a- 
period of n years (from 1895 to 1909) 
without any shooting and under super¬ 
vision of the increase of the herd, left to 
natural conditions in its struggle for life. 
In the course of the ix years the herd in¬ 
creased in numbers from 59 to 1068 indi¬ 
viduals. The roes, which formerly did 


to consider the year 1896 as the first year 
of reproduction, their number being then 
59. The roes in Gatchino, as in all hunt¬ 
ing grounds, were registered by tracks left 
by them in the snow, generally in Novem¬ 
ber or December, when the young, born in 
April and May, were seven or eight 
months old, and the first period of the 
juvenile mortality was over. On an 
appointed day all guards came out for the 
registration of the numbers of animals. 
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each forester counting up the incoming 
and outgoing tracks in his own district, 
the total number of the animals in the 
hunting grounds was calculated according 
to these data. 

The following peculiarities of the roc 
should be pointed out here. The roc 
mates in August and the female bears kids 
in May, the period of gestation lasting 
nine months. We observe in this case a 
very peculiar development of the embryo, 
the egg passing very rapidly through all 
the stages of division and its development 
stopping after this for several months, 
while the formation of the fetus begins 
months before birth. Thus we have an 
obvious delay in the development of the 
fetus brought about by unknown causes. 
The period of time needed for the develop¬ 
ment of the fetus—in reality four to five 
months—is nearly the same as the period 
of gestation of sheep or goats, but thf 
whole period of pregnancy of the roe is 
nearly the same as that of the much larger 
reindeer, where there is no delay in the 
development of the embryo. The female 
attains sexual maturity at the age of 15 to 
16 months; at the age of two years she 
brings forth generally two, rarely three or 
one kid. According to German observa¬ 
tions zo per cent of the total number of 
adult females remain barren. The male 
attains the full development of his horns 
at the age of three, but sexual maturity 
sets in earlier, at the age of two, as is the 
case of the females. However, in so far 
as at the time of mating the males arc 
fighting for the females, the young roe¬ 
bucks have a chance of partaking in the 
act of fertilization only in the case of 
scarcity of the adult males. According to 
German data the roe ceases to mate at the 
age of 10, but lives up to the age of 14 or 
15 years. 

The statistical data for Gatchino do not 
give us any information as to the number 


of the age groups forming the herd, but it 
is evident that the total number of the 
rocs as given in these data includes the 
adults of two or more years, the young 
above one year, as well as the brood of the 
year minus those that had perished before 
the moment of registration, the analysis of 
the registration showing that the subse¬ 
quent mortality of the brood was not 
great. I calculated theoretically the 
growth rate and the age composition of 
the herd of roes, starting in my calculation 
from two pairs of adults, the conditions 
given being the following: parity in the 
numbers of males and females, zo per cent 
of barren females, the rest of the females 
bearing two kids each from the age of two * 
years upwards. I assumed that 50 per 
cent of the brood perished before attaining 
the age of two years, those that had sur¬ 
vived the first year surviving also the 
period of registration. Having plotted 
the following diagram (Fig. 4) I noted 
that the curve showing the growth of the 
herd approximates the theoretical number 
of breeders and yearlings up to 1903, but 
that from that year onwards the observed 
reproduction of the herd fell far behind 
the theoretically obtained figure. 

Comparing this fact with the very low 
figures of the brood I assumed the slow in¬ 
crease of the growth to be the result of the 
mortality of the young in the year 190Z- 
1903 . The point which in my calculation 
represented the number of the yearlings 
was placed so that it corresponded to the 
point representing the real number of the 
Gatchino herd and I noted a further coinci¬ 
dence of the figures for the growth ob¬ 
tained theoretically with the empirical 
curve. This coincidence convinced me 
that the yearlings that had survived the 
period of juvenile mortality were really 
included in the registration, as well as all 
the other ages; this also encouraged me to 
calculate the rate of the total increase in 
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the numbers of the herd, basing my calcu¬ 
lations on the constants of reproduction as 
indicated above, and assuming such a 
reduction in the numbers of the brood for 
the first year of life that the total number 
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cent a year. In so far as a certain mor¬ 
tality, the amount of which is unknown 
to us, certainly took place among the 
adults, the figure for this mortality may be 
safely included in the 54 per cent mortality 
of the brood and the 10 per cent of the 
barren females. We arc deprived of the 
possibility of determining the rate of 
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Fio. 4 Fio. 5 

Fio. 4. Growth of thb Herd of Robs (Cafrbolus capreolus) in Gatchino 

The curve a, representing the observed population, is drawn on the diagram of the growth of the herd of 
roes, calculated theoretically on the basis of the species constants of reproauction: r ■■ i, / «■ i, m — 50 per 
cenr of the new-born young. Initial population — 59; every year 80 per cent of the adult females bring forth 
young. (NcF » NQj. The numbers of the herd for each year are represented by one column. The diagram 
shows that up to the year 1001 the curve a approximates the theoretical number of breeders and yearlings, but 
that after that year it falls benind the theoretical increase. 


Fxo. 5. Thb Incrbasb of thb Hbrd of Robs (Cafrbolus cafrbolus) in Gatchino 

The curve a drawn on the diagram shows the observed growth of the herd. The constants used in calcu¬ 
lating the theoretical distribution are: Initial number of the Herd —So — 59, r — l, / *- 1, the number of the 
bearing females — 80 per cent of the adult females; unlike Fig. 4 m (the value for the mortality rate of the 
brood) is assumed to correspond to the total numbers of the individuals for each year, and the highest limit 
of the column for the roes of two years coincides with the curve a . The diagram shows the numbers of the 
age groups of the herd of roes in Gatchino for the summer of every year. Tne delayed growth as compared 
with that of Fig. 4 is due to a higher mortality during several years. 


of the rbes was equal to the number shown reduction in the numbers of the adults, but 
in the statistical data of the Gatchino we have to assume that the mortality rate 
hunt (Fig. 5). After having obtained of the brood was about 50 per cent of the 
these figures for the herd l further ealeu- number of the young born every year, 
lated the mean percentage of reduction of I showed in my wprk of 1930 that the 
the brood. It proved not to exceed 34 per mortality rate of the young during the 
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period from the birth of the female to the 
moment of her first parturition must be 
constant within the limits of each class of 
vertebrates. We possess for mammals ob¬ 
servations of American investigators on 
the mortality rate among seals ( Callorin - 
chus alascanus ). The seals lose 49 to jo 
per cent of their brood during the first 
year of life. The mortality rate in the 
brood of the polar fox is also about 50 
per cent. Finally I registered in the win¬ 
ter of 1931-32. the number of wild boars in 
the National Park in the Caucasus and 
found that the percentage of the surviving 
brood of the wild boar was 45.5 per cent if 
we assume, following Dinnik (1910), that 
the females bear on the average eight 
young, in reality probably a little less. If 
on the average there are seven young borne 
by the female every year, the percentage 
of survival rises to 50. Thus we sec that 
the mortality rate among the rocs coin¬ 
cides very exactly with the theoretical 
data. The figures obtained are not suffi¬ 
ciently precise and field investigations arc 
needed. I assumed that 50 per cent of the 
females remained barren every year; how¬ 
ever, this number varies in some measure. 
The mortality rate of the adult rocs, which 
is unknown to us, probably also varied in 
the course of different years; nevertheless, 
the coincidence of the curve obtained 
theoretically with the run of the empirical 
curve showing the growth of the Gatchino 
herd is so striking as to allow us to assume 
with sufficient security that the growth of 
the herd in reality follows the exponential 
curve, determined by the constants of 
reproduction of the species and corrected 
for the mortality rate of the brood under 
the age of the first parturition of the fe¬ 
male, the mortality rate of the brood being 
on the whole equal to 30 per cent of the 
young bom every year. 

Applying the method of logarithms to 
the yearly registrations we conclude 
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that the growth of the herd followed the 
exponential curve and we can also make 
some additional observations. Plotting 
the registrations on an arithlog grid we 
obtain an ascending range of points repre¬ 
sented in Figure 6. We see that the points 
follow with great precision a straight line, 
this being a proof of the reliability of the 
statistical data. Examining the disposi¬ 
tion of the points more closely we find 
that the deviation of the points can be 
explained by fluctuations in the mortality 
rate of the brood in the course of different 



YEARS 

Fig. 6. The Logarithms of thb Numbers of thb 
Yearly Registration of the Robs (Caprbolus 
CAPRBOLUS) IN GaTCHINO FROM 1894-1909 

The years are marked along the abscissa, the log¬ 
arithms along the ordinates. 

years. The data for the year 1898 being 
lacking, we had to use the logarithm of 
the numbers for 1897, adding to it the 
mean percentage of the growth of the 
herd for the four nearest years (1895, 1896 
and 1898, 1899). The straight line pass¬ 
ing through the point of the year 1894 
connects the points 1895 and 1896. The 
longest of the straight lines connects the 
points 1894, 1899, 1900, 1901, 1903, 1905 
and intersects at a certain angle the line 
connecting the points of the last four 
years. From this we draw the conclusion 
that the growth of the hard during these 
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years was a regular one. This growth is 
represented by the angle of inclination to 
the abscissal axis of the straight line con¬ 
necting the points; it amounts to n to 11 
per cent a year. 

The six roes from the Oural added to the 
herd in 1895 brought forth their first 
young in the year 1897; this increased the 
productiveness of the herd, upsetting the 
normal proportion of males and females in 
favor of the females. But we might just 
as well have assumed a higher percentage 
of survival of the brood of that year. At 
any rate the course of the diagram changes; 
the percentage of growth for the years 
1899, I 9°° an d I 9° I * s higher than for the 
first three years, and the points arc dis¬ 
posed according to some new law. 

In 1901 we observed again a very high 
percentage of yearly growth, obviously 
due to the high percentage of survival of 
the brood (40 per cent in 1901), while in 
1903 the percentage of growth is lower 
again; this can only be explained by the 
high mortality of the brood. The results 
of the great increase in numbers in 1901 
and of the small one in 1903 are noticeable 
in the yearly growth in 1904 and 1905, 
when the females born in 1901 and 1903 
bred in their turn; the yearly increase of 
the next years is more constant. During 
the last four years from 1906 onwards the 
increase goes on regularly at a rate ap¬ 
proaching that of the growth of the herd 
for the first five years. The high per¬ 
centage of survival for the year 1901 was 
counterbalanced by an increased mortality 
and by a low rate of growth in 1903 re¬ 
sulting from the high percentage of mor¬ 
tality of the brood. As a result of this the 
number of the herd attained in 1906 was 
the same as it would have been if the in¬ 
crease had been going on at the rate of the 
years 1895-1899. 

We have to note one more regularity in 
the disposition of the points of the dia¬ 


gram. From the year 1898 onwards every 
point can be connected with the next but 
one: 1898-1900, 1899-1901, 1900-1901, 
etc. The population of the roes was 
registered in Gatchino in November or 
December of every year; thus the yearlings 
were registered at the age of seven to eight 
months, when the period of juvenile 
mortality was over. The roes mated in 
August of the following year and the 
females bore young the following spring 
after having attained the age of two years; 
their brood in its turn was registered the 
following winter at the age of seven to 
eight months. Thus the connection of 
each point with the next but one finds its 
explanation in the age of the first parturi¬ 
tion of the female. 

The statistical data concerning the 
population of roes break off in 1909. We 
do not know what happened after this, 
but at any rate there were no plagues. 

The dynamics of the numbers in the 
herd of roes shows that the reproduction 
of a population of vertebrates follows in 
real life the exponential curve, as deter¬ 
mined for each species by the constants 
of reproduction of the species and by the 
rate of juvenile mortality. For birds we 
determined the mortality of the brood 
as about 90-95 per cent of the total newly 
hatched brood, for mammals as about 50 
per cent of the total new born brood. We 
certainly cannot expect the precision of 
these figures to be quite satisfactory and 
further investigations must be organized 
with the object of determining the rate of 
reduction in the numbers of the adults, 
but in any case the possibility of an analy¬ 
sis such as we have made is in so far inter¬ 
esting as it indicates the possibility of 
exactly foreseeing the increase of the herd 
and the construction of the curve of its 
growth according to constants of repro¬ 
duction of the species with a correction 
for juvenile mortality. 
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Wc have to draw one more important 
conclusion from our observations on the 
rate of reproduction of the roe and of the 
partridge, this conclusion being confirmed 
by observations on the growth rate of 
herds of other animals and birds not men¬ 
tioned in this paper and also by the rela¬ 
tive numbers of groups of fishes (Baranoff, 
1917). These observations have a general 
significance. The yearly reduction in 
numbers of each older group is fully 
compensated by the increase in the num¬ 
bers of the following younger group, 


capercailyes in Gatchino. The brood was 
registered every summer, and the adult 
males every spring on the gathering places 
for mating. The registration on the 
gathering places included the adult birds 
above three years of age, the capercailye 
attaining its sexual maturity in its thitd or 
fourth year; thus only the birds that had 
survived the period of juvenile mortality 
were included in the registration. 

Comparing the diagram of the registra¬ 
tion of the males on their gathering places 
in spring with that of the females and of 
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Fio. 7. Growth of a Population op Capercailyes 

a. Logarithms of the registrations of the capercailyes on the nests (the sexually mature female brood of 
each year), b. Logarithms of the capercailyes on the gathering places (the sexually mature individuals). 
The points in b show a smaller deviation from the straight lines than the points in a; this can be the case only 
if the deviations in the mortality rate ot the first and of the second winter stand in an inverse relation to the 
mortality rate of the spring and of the summer of the first year; the result of this being a more equal growth 
of the herd of the adults. 


consequently the curves of the mortality 
rate of the land vertebrates and of the 
fishes correspond to the different age 
groups forming the herd. Owing to this 
fact the herd increases in numbers regu¬ 
larly and the current notion that one pair 
of progenitors is replaced by one pair of 
descendants proves to be an erroneous one. 
The regularity of the exponential curve, 
showing the increase in numbers of the 
adults in the herd, is caused by the phe¬ 
nomenon which we have observed while 
studying the rate of reproduction of the 


the young birds in summer (Fig. ya and 
b) wc see that the points representing the 
males lie closer to the straight line than 
the points representing the females and 
the young birds, the latter forming several 
easily discernible waves. The natural 
levelling out of the curves of the adult 
birds can take place only as a result of 
corresponding fluctuations in the percent¬ 
age for the figures of early mortality of the 
brood. The mortality in the years follow¬ 
ing those when the spring is favorable 
and the brood numerous will be high and 
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after an unfavorable spring, the numbers 
of the brood declining during the summer, 
the mortality, probably in the course of 
the following winter, will be less. As a 
result of this the increase in the number 
of the adults goes on with greater regu¬ 
larity owing to inverse fluctuations in the 
intensity of the mortality of the brood at 
an early and at a later age. The biological 
aspect of this phenomenon is hardly 
known, but the fluctuations in the mor¬ 
tality rate probably depend on the changes 
in the numbers of the predators. The 
curves showing the shooting off of the 
predators correspond to the curves in the 
numbers of the game. It is chiefly the 
young birds, which have not yet attained 
their full maturity, that are caught by the 
claws of the predators, while the older 
birds escape them more easily. It is 
highly probable that the fluctuations in 
the mortality rate arc determined pre¬ 
cisely by these correlations between the 
number of predators and the number of 
prey according to the qualitative differ¬ 
ences between young individuals and adult 
ones. This levelling out of the curve can 
also be observed in connection with the 
roe. Thus we come to the following 
schema: the mortality of the brood per 
year is about 90 per cent for the birds and 
50 per cent for the mammals. The group 
of the sexually immature surviving indi¬ 
viduals and the herd grows regularly 
during a certain period of time, character¬ 
istic for the species. This growth stops 
abruptly after a plague, affecting not only 
the brood but the adult individuals as 
well, and after such a plague a new cycle of 
reproduction sets in. 

Certainly such a simplified cycle repre¬ 
sents only a schema of the phenomenon 
and in reality the process is a much more 
complicated one. Sometimes the depres¬ 
sion is b$i&g levelled out; sometimes, given 
certain*" constants of reproduction, the 


depressions are too considerable to be 
levelled out in the course of one year. 
The depressions are brought about by 
different causes and the rate of reduction in 
the number of the herd may be different. 
Thus we did not observe any depressions 
in the given period in the case of the less 
fertile and comparatively long-lived caper¬ 
cailyes, whereas in the case of the par¬ 
tridge the depression is plainly marked. 
The reduction in the numbers of the adult 
individuals, as well as the increase in the 
numbers, evidently follows the exponen¬ 
tial curve. The graph for the partridge 
shows that the descending range of points 
is disposed on the straight line as regu¬ 
larly as the ascending one. We can note, 
without referring to the corresponding 
diagram, that the depressions take a more 
rapid course when they affect more fertile 
species and a slower course when affecting 
less fertile ones. 

REDUCTION IN THE NUMBERS OF THE 
HERD 

We have found that the increase in num¬ 
bers runs according to a geometric progres¬ 
sion determined by species constants of 
reproduction with a correction for the rate 
of juvenile mortality for the period j and 
we have shown, for several examples, 
that the increase in numbers is abruptly 
interrupted as a result of periodic plagues 
caused by abiotic factors or epizootics. A 
plague resulting from abiotic causes obvi¬ 
ously lasts as long as the effect of these 
causes, for instance, as long as an inunda¬ 
tion, as the scarcity of food after a deep 
snowfall or a dearth; but a plague result¬ 
ing from an epizootic can last much longer. 
If the spreading of the disease depends on 
the density of the population, causing the 
transmission of the infection, a greater 
sparseness of the population reduces the 
possibility of infection, and the disease 
will gradually slacken. This happens 
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both in cases of a direct transmission of 
the infection and in the more complicated 
cases of infection by helminth parasites 
with intermediate hosts. 

Such infections as pest or anthrax can 
exterminate an enormous mass of animals 
in the course of one to two months, but 
some diseases, and among them evidently 
the helminth invasions, sometimes spread 
less rapidly and the rate of reduction can 
be detected even if the registrations arc 
carried out only once a year. One of the 
greatest modern mathematicians, Vol- 
terra, has developed a theory of the fluctu¬ 
ations in the number of the predators and 
of the prey, stating that the variations in 
the numbers of the species preyed upon 
depend on the number of encounters be¬ 
tween these two species. By the word 
“predators” Volterra means not only 
quadrupeds and birds, but also agents of 
disease, and he shows that in this last case 
the reduction in the numbers of the prey 
runs according to a negative exponential 
curve or to a declining geometric progres¬ 
sion. The study of the graph for the par¬ 
tridge shows that the reduction in the 
numbers of the herd as well as its growth 
actually follows this law, the points of 
the curve being disposed along a straight 
line. In reality the process is much more 
complicated than the case analyzed by 
Volterra, the reduction in the numbers 
covering several years and the number of 
partridges increasing every summer as a 
result of natural reproduction, whereas 
Volterra assumes that reproduction is 
going on uninterruptedly throughout the 
year. 

It is interesting to note that the rate of 
reduction may be different for different 
species; for long-lived but not fertile spe¬ 
cies the period of the reduction in numbers 
can spread over several years, as is shown 
by the curve representing the reduction in 
numbers of the aurochs in the forest of 
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Belovjej in the seventies of the last 
century. 

Thus our observations seem to corrobo¬ 
rate the theses of Volterra, although some 
of his premises rather simplify the question 
and do not exactly square with the compli¬ 
cated biological relations observed among 
populations of mammals and birds in 
nature. 

Observations on the rate of reduction in 
the numbers of the brood in our possession 
are very scarce, but there arc certain indi¬ 
cations tending to show that this reduc¬ 
tion also follows the law of Volterra. I 
carried on during two years the registra¬ 
tion of the summer brood of the black 
grouse in the forest of Bashkiria in South 
Oural (S. A. Scvertzoff, 1931). The 
reduction in the mean numbers of the 
young birds in each nest proved in this 
case to follow a descending geometric 
progression. 

According to data from the literature 
supplemented by observations carried on in 
the National Park of Bashkiria I assumed 
the mean value of each clutch of the caper¬ 
cailyes to be eight eggs. The mean num¬ 
ber for each brood for July proved to be 
4.63, for September z. 8 z in 1930 and z.87 
in August, 1931. The data for Gatchino 
have shown that 90 per cent of the number 
of birds registered in June and July perish 
during the winter, thus in our case only 
0.463 survived till the age of sexual 
maturity. Taking the logarithm of these 
figures, I obtained the diagram (Fig. 8) 
showing a very regular disposition of the 
points along the straight line. Further 
closer observations are certainly needed 
but in so far as figures are exact we see that 
the reduction in the numbers of the brood 
follows a negative exponential curve, the 
run of which has to be reconstructed 
according to the diagram; the reduction 
in the numbers attains its lowest ebb in 
the spring of the following year, after 
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this a new cycle of reproduction sets in. 
A series of observations carried on in the 
Bashkirian forest shows that the killing 
off of the birds has to be attributed in the 
first place to birds and beasts of prey and 
we see that in this case, as is to be expected 
according to Voltcrra, the reduction fol¬ 
lows the negative exponential curve, 
although the biological relation in reality 
is a different one. Voltcrra admits an 
uninterrupted growth of the numbers of 
the predatory species and a corresponding 
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MONTHS 

Fig. 8. Diagram op the Brood op Capercailyes in 
Their Struggle por Lifb 

On the abscissa ore marked the months from May 
to July of the following year; on the ordinate, the 
logarithms of the mean value of the brood for the 
corresponding months. The curve b is a negative 
exponential curve of the decline of the number* built 
up according to the curve a. 

synchronous decline in the numbers of the 
prey, but in our case the brood of the pre¬ 
datory birds and animals is brought forth 
in spring at the same time with the game. 
During the rest of the year the game is 
dying off and probably the brood of the 
predators as well. This process comes to 
an end before the beginning of a new cycle 
of reproduction. 

In normal years the reduction in the 
numbers of the individuals that have 
attained sexual maturity is fully compen¬ 


sated by the young birds, sexually imma¬ 
ture, and the following year the group of 
breeders, both game and predators, will be 
growing in numbers. Tl>is growth goes 
on until the species of herbivorous animals 
are exterminated as a result of abiotic 
factors or of epidemics. The extermina¬ 
tion of the prey brings about the dying off 
of the predatory birds and animals in 
consequence of the scarcity of food. This 
picture in real life is much more compli¬ 
cated, the predatory animals being gen¬ 
erally euryphagous and not all species of 
prey perishing simultaneously. But the 
works of Prceblc, Thompson Scton (1909) 
Elton (1917) and others show that the 
dying off of the predatory species is con¬ 
nected with plagues among animals form¬ 
ing their chief food. Thus the cycles of 
growth and of decline in the numbers of 
the population of herbivorous animals and 
of the predatory species which feed upon 
them must coincide more or less. 

All the above allows us to build up the 
following schema of the dynamics of popu¬ 
lation. The herbivorous animals that 
have survived a plague bring forth issue in 
the spring. The dying off of this issue 
goes on in a declining geometrical progres¬ 
sion during the period j (for many species 
this is equal to one year). The surviving 
brood increases the group of the breeders, 
the growth of which during a scries of 
years follows the positive exponential 
curve, as determined by the species con¬ 
stants of reproduction and by the mor¬ 
tality in the first year of life. The length 
of the period of growth of the herd is 
determined by the constitution and by the 
biology of the species as it is precisely 
those characters of the species worked out 
in the course of the preceding evolution 
which determine the amplitude of the 
fluctuations from the optimum of the condi¬ 
tions of the environment that can be borne 
by the animal without detriment. Tkpj. 
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growth in numbers is interrupted by the 
next depression in abiotic factors. If such 
a depression is late in coming and the 
population goes on increasing, the factors 
favorable for the development of parasitic 
agents of disease are gaining in strength 
together with the growing density, and 
the growth of the herd is cut off by an 
epizootic. 

Owing to this fact the reproduction of 
the herd as well as the dying off of the 
yearly issue follows a negative exponential 
curve; the mortality affecting the adult 
animals as well, the number of the herd 
reaches its lowest ebb; after this a new 
growth of the herd sets in. The curve 
representing the dynamics of the carnivo¬ 
rous species preying upon the herbivorous 
ones runs parallel to that of the herbivo¬ 
rous species and the cycle of growth of the 
herd may be of the same length, but in 
some cases when the predatory animals 
can migrate in time into an area where the 
plague is not yet developed, or when they 
can be content with a substitute food, 
there may be deviations from the rule. 

BIOLOGICAL CAPACITY OF THE HABITAT 

Thus far we have spoken only of the proc¬ 
esses of the increase and of the decline in 
the numbers of the herd in time, without 
discussing the important problem of the 
biological capacity of the habitat occupied 
by the population. But the numbers of 
the population of different species in the 
same locality are different, and therefore 
the absolute number of the individuals 
needed for attaining the highest density 
for any species will be a different one for 
each species* 

The increase of the herd goes on in a 
geometrical progression, as determined by 
species constants of reproduction; it is so 
intense that all species, even the least 
fertile ones, fill in the area suitable for 
their habitation in a very short period of 


time. Travellers investigating countries 
hardly changed by the interference of man 
describe herds consisting of millions of 
animals of slow reproduction, such as the 
bison in the prairies of America, and 
enormous flocks of seals. Darwin wrote 
that the albatross, the reproduction of 
which is very slow, is perhaps the most 
numerous bird on earth; we can also men¬ 
tion the immense flocks of the migratory 
dove and lastly the enormous number of 
ungulates in Africa in the beginning of the 
last century. All these examples show 
that the absolute number of any species 
may be very great in spite of its relatively 
low fertility. 

CORRELATION BETWEEN DURATION OF LIFE 
AND FERTILITY 

In my paper of 1930 1 proceeded from the 
idea that the duration of life of each ani¬ 
mal determines the limiting number of the 
generations which can exist simultane¬ 
ously in the habitat of the species. Those 
individuals that have survived the period 
of juvenile mortality forming a stable 
population, the duration of life of the 
individuals of each species must correspond 
to the period between two consecutive 
plagues, this period being character¬ 
istic for each species. Proceeding from 
this idea I studied the relation between 
the duration of life and the fertility of 
mammals. I have calculated the correla¬ 
tion between the index of the species 
fertility q and the species duration of life T. 
I reasoned as follows: Let the number of 
pairs of individual breeders that have sur¬ 
vived the plague be S 0 , the number of the 
individuals to the end of the cycle of repro¬ 
duction t will be S t ; then we can write 

St “ •Sol 1 • 

Consequently S t is directly proportional to 
S Q and j*. After putting this expression 
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in logarithmic terms and transferring log 
f and log Jo to the left side we write: 

log S, — log Jo 
—toil '* 

or if 

s, 

log S, - log S t - log - - log W , 

•>0 

then 

log W 

Log W represents the intensity of the 
plague, log 4 the rate of growth of the 
population, t is the time interval in which 
Jo grows into S t . From the equation 

log W _ 

1 081 

log W is directly proportional to t and 
inversely proportional to log 4. If log 4 
is constant and t and W variable, we can 
say: the longer is t, the greater is the 
density attained by the population and the 
•stronger is the plague 

(SJSt - HO • 

If / is a constant (and we tried in our work 
to show that the period of growth of the 
herd must be a very constant one) then 
the left side of the equation 

log K' , 

log* ” 

must also be constant; this is possible if 
log W and log 4 change in inverse propor¬ 
tion. During the period between the two 
great plagues which bring S t to Jo there 
occur depressions of a smaller intensity, 
which upset the rate of increase of the herd 
and put off the time when the number S t 
can be attained. 

While examining the rate of reproduc¬ 


tion of the roe and of the capercailyes we 
have seen that the high mortality setting 
in from time to time is accompanied by 
the corresponding increase of the fertility 
of the herd. This increase is obtained 
either indirectly by the reduced mortality 
rate among the brood or else directly by 
the increase in number of the young 
brought forth by the females and also by a 
lower percentage of barrenness of the 
females, in other words by the increase in 
the numbers of the issue brought forth by 
the herd as a whole. The last case is 
specially important for species which do 
not bear every year, but after longer inter¬ 
vals of time, as the aurochs (Bison bonasui). 

We do not know whether the violence 
of the plagues has undergone any varia¬ 
tions in the course of evolution or not, but 
there seem to be some indications point¬ 
ing to the reduction of the violence of the 
fluctuations in the course of evolution; 
the decline in the numbers of fertile 
rodents, hares, and lemmings, was evi¬ 
dently much more considerable than the 
60 per cent found in Gatchino for the herd 
of partridges, but the data available are not 
sufficiently precise. 

Assuming the duration of life of the 
individuals to correspond to the frequency 
of the plagues, it is possible to show that 
the fertility is reduced in accordance with 
the growing longevity during the evolu¬ 
tion of species. For 78 species of mam¬ 
mals the coefficient of correlation between 
the duration of life of the species T and the 
logarithm of the index of the species 
fertility 4 is —0.899 =*= 0.0138, but it is 
obvious that the species evolved diver¬ 
gently and that in the course of evolution 
some of them acquired a greater longevity, 
and others a smaller one, their fertility 
varying according to the equation 

logW 

~— - Ti 

log* 
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LAW8 OP VOLTERRA 

Wc have repeatedly mentioned in this 
paper the works of Volterra, pointing out 
that his fundamental conclusions are cor¬ 
roborated by observations on the rate of 
reproduction of the vertebrates and it is 
proper to cite in this place his essential 
theses (Voltcrra, V., 1930). 

1. The law of the periodic cycle: The 
fluctuations in the numbers of both species 
arc periodic, the period being determined 
by the rate of growth and of reduction in 
the numbers of the population and by the 
original ratio of the numbers. 

1. The law of conservation of the mean 
number: The mean number of individuals 
of both species remains constant; as such 
it is determined by the initial number as 
long as the rates of growth and of decline 
in numbers (birth-rate) remain stable and 
as long as the coefficients of defense and 
aggression remain invariable. This means 
that both species fluctuate about a state of 
statistical equilibrium which is never at¬ 
tained, the mean number for each species 
being assumed to be a constant one. 

3. The law or rule of the disturbance of 
the mean value: When there is an attempt 
to kill off individuals of both species in 
equal proportions, the relative numbers of 
the species preyed upon increase and those 
of the predatory species will be reduced. 
The diminution of killing of the species 
preyed upon also increases the number of 
the predatory species. 

The following laws can be applied to 
cases when the fluctuations are not great: 
1) small fluctuations are isochronous, 
which means that the period of these fluc¬ 
tuations does not depend in a noticeable 
way on the initial number of the indi¬ 
viduals and is solely determined by the 
correlation between the coefficients of 
defense and of aggression; z) the period of 
the fluctuations is proportional to the 
geometric mean of the periods of time 


during which the first species doubles its 
numbers and the second one is reduced to 
half its numbers; 3) in the case of equal 
fluctuation—the population being reduced 
by an equal number of individuals during 
equal periods of time—the killing off of 
the individuals of the carnivorous species 
accelerates the fluctuations, while the 
reduction in the numbers of the species 
preyed upon delays it. 

Our observations show that the growth 
of the herd follows the exponential curve 
determined for each species by its constants 
of reproduction. The reduction of the 
herd in so far as it depends on biological 
agencies also follows the negative expo¬ 
nential curve, as was admitted by Volterra, 
but the general picture of the fluctuations, 
in the numbers of vertebrates at least, is 
different from the picture suggested by 
Volterra. The curves of growth and of 
reduction of the herd arc not symmetrical; 
the curve of growth is a more slanting one, 
that of reduction a more rapidly descend¬ 
ing one. 

The quadruped beasts of prey do not 
reduce the number of the herbivorous 
species periodically as is supposed by Vol¬ 
terra. The numbers of the carnivores 
increase with the increase in the popula¬ 
tion of the herbivores and they die off 
simultaneously with the latter. Vol¬ 
terra* s theory of uninterrupted fluctuations 
is probably right in connection with epi¬ 
demic diseases caused by parasites, when 
the infection is a function of the number of 
the herd and of the frequency of the en¬ 
counters between the infected and the un¬ 
infected individuals. 

We can evidently point out another 
very interesting circumstance which, how¬ 
ever, has still to be verified and further 
investigated. According to Voltcrra, if 
the predatory species and the species 
preyed upon are killed off in an equal 
measure by any third cause, as for instance 
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by man, the numbers of the predatory 
species fall lower than the numbers of the 
species preyed upon. This is quite natural 
biologically, the number of the predatory 
species being reduced not only in con¬ 
sequence of their direct extermination 
but also in consequence of the scarcity of 
food resulting from the killing off of the 
herbivorous species. 

The correlation table between the dura¬ 
tion of life and the fertility of mammals 
(S. A. Scvertzoff, 1930) shows that, the 
duration of life being equal, the predatory 
species possess a greater fertility than the 
species of herbivorous animals they feed 
upon. At the same time we know that 
the relative numbers of the predators are 
always less than the numbers of the herbi¬ 
vores. This contradiction between the 
coefficient of potential fertility and the 
relatively small numbers of the carnivo¬ 
rous species makes us assume that the 
mortality rates of the brood and of the 
adults are higher among the latter species 
than the same rates among the herbivores, 
the predators perishing not only from 
causes bringing about their own extermi¬ 
nation, but also from causes exterminat¬ 
ing the species they feed upon. The 
smaller resistance of the predacious species 
against agencies of the environment is 
compensated by a greater fertility. We 
can see in this fact a biological phenome¬ 
non worked out in the course of evolu¬ 
tion and levelling out the effects of the 
law deduced by Volterra on the basis of a 
theoretical analysis of the problem. 

SUMMARY AND DISCUSSION 

i. The numbers of each species of 
animal are not constant but increase 
yearly as a result of natural reproduction 
on an exponential curve determined by the 
inherited characters of the species with a 
correction for the mortality of the yearly 
brood and of the adults. 


i. The mortality rate of the brood is 
about 90 per cent for the birds and 50 
per cent for the mammals, this reduction 
covering on the whole the yearly reduction 
in the numbers of the adult breeders. 

3. The reduction in the numbers of the 
brood follows the negative exponential 
curve. 

4. The increase in the numbers of 
animals of any species is cut short by 
plagues, caused by abiotic factors after 
certain periods of time characteristic for 
each species and determined by the capac-* 
ity of the species to withstand extreme 
deviations of external conditions from the 
optimum; after these plagues the reproduc¬ 
tion of the species goes on according to 
the former law. 

5. In order to secure the survival of a 
number of individuals sufficient for the 
continuation of the race, the species have 
to attain their highest possible numbers 
in the course of the period favorable for 
reproduction. 

6. If the density of the population is 
not decreased in time by abiotic factors, it 
will be decreased by an epidemic disease, 
the higher density of the population being 
favorable to the spreading of the epidemic. 

7. The predatory species only delay the 
increase in the numbers of the herbivorous 
species, exterminating the greater part 
of the yearly brood, but they do not in¬ 
terrupt the growth. Diseases caused by 
parasitic agents reduce the numbers of the 
vertebrates; in this case the reduction 
follows the negative exponential curve 
and lasts till the numbers of the herd 
have attained a certain minimum. 

From this picture we may derive some 
conclusions about the evolution of fer¬ 
tility. The question being a very com¬ 
plicated one, we intend to devote a special 
article to its analysis and we shall confine 
ourselves here to general conclusions. 

The constants of reproduction of the 
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species as well as the mortality rate among 
their brood and among the adults vary in 
the course of evolution. Comparing dif¬ 
ferent species, as is done in comparative 
morphology, we can imagine the evolu¬ 
tion of the biology of the species. There 
is a different curve of the mortality rate 
corresponding to each given moment of 
the existence of the species and also a 
different cycle of growth and of reduction 
in the numbers of the herd, the reduction 
in numbers being compensated by the 
fertility of the species and corresponding 
to the longevity of the individual as 
characteristic of the species. 

This balance is only an apparent one, 
and the species are undergoing unceasing 
variations as a result of the struggle for 
life; we shall be able to show this on the 
existing fauna when we have acquired the 
means of comparing more minutely and 
with greater precision the fertility and 
the longevity of kindred species and per¬ 
haps of different colonies of the same 
species. The adaptation of each species 
to the condition of the environment is 
increasing in the course of evolution. 
Since each degree of growing adaptation 
increases the survival of the individuals, 
they acquire a greater longevity. The 
number of individuals existing in the 
herd at any moment is growing in this 
case as a result of the birth of young 
individuals and also of a greater duration 
of life of the adults. There arc different 
factors entering into this growing adapta¬ 
tion. For instance: i) increased resist¬ 
ance of the individual to abiotic factors 
resulting in the lengthening of the period 
between two plagues caused by abiotic 
factors; i) improved equipment of the 
prey for defense resulting in a lower per¬ 
centage of killing by predatory species; 3) 
improved equipment for aggression of the 
predatory birds and beasts and their greater 
ability to procure food, bringing about a 


lower percentage of survival of the cor¬ 
responding species preyed upon and this 
in its turn resulting in a higher mortality 
of the predators, etc. On the whole a 
higher adaptability must prolong the 
duration of life of the individual. 

But the cycle of growth in the numbers 
of the population will hardly be length¬ 
ened and this newly acquired duration of 
life hardly takes place as both these 
phenomena reinforce the conditions of the 
development of infectious diseases which 
in their turn interrupt the growth of the 
population as soon as it attains a certain 
limit; consequently the infectious diseases 
prolong the cycle of growth of the herd 
and only the populations with a reduced 
fertility will be able to prolong the bio¬ 
logical duration of life of the individual 
beyond these limits. 

A reduced fertility of the population is 
acquired in some cases owing to a higher 
age of the first parturition (j) and to a 
longer period between two consecutive 
births (p). But the reduction in the 
numbers of the brood must be the pre¬ 
dominating factor in the cases when the 
species are breeding at the age of one year. 
Thus the agents of epidemics are causes of 
the selection of the least fertile popula¬ 
tions, when the same result is not attained 
by the evolution of individual develop¬ 
ment. Finally it is necessary to point out 
that the mortality rate of the brood must 
increase as a result of a greater competition 
with more numerous and fully developed 
adult individuals. All these causes must 
act as factors delaying the progressive 
evolution of the species. 

Further we can imagine the process of 
the shortening of longevity in the course 
of evolution as a result of an increasing 
frequency of plagues from abiotic factors 
or as a result of a higher coefficient of 
predacity of carnivorous animals. 

The growing frequency of climatic de- 
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prcssions, as at the approach of the glacial 
period, can be survived only by fertile 
species or by species with an increasing 
fertility which succeed in restoring their 
former level in periods of time shorter than 
formerly. I am inclined to think for many 
reasons that this is rarely the case. 

Of greater significance is the second 
case: Volterra’s higher coefficient of pre- 
dacity—an increasing extermination of 
herbivorous animals by predators; the 
phytophagous must either acquire a greater 
fertility or they must disappear from the 
face of the earth. The following argu¬ 
ments seem to be conclusive that such a 
secondary increase of fertility due to 
secondary causes took place among the 
mammals: the reduction in the numbers 
of the young borne by the female cor¬ 
responds to the reduction of the milk- 
glands. We find that the milk-glands of 
primitive mammals were very numerous 
(the Ccntetes had up to 24 pairs, while the 
fertile rodents have not more than 6-8 


pairs); consequently a process of reduction 
of the brood and of prolongation of lon¬ 
gevity has taken place among their an¬ 
cestors. The fertility of mice and hares 
is very great as they breed several times 
a season and some of them attain sexual 
maturity so early that they breed in their 
turn during the same summer when they 
were born. This phenomenon is a sec¬ 
ondary one and it corresponds to an in¬ 
crease of fertility due to secondary causes 
and compensating the growing extermina¬ 
tion by predacious animals and a lower 
duration of life of the individual. Ac¬ 
cording to this the reproduction of the 
rodents is so rapid that their duration of 
life docs not coincide with the frequency of 
the climatic depressions and that these 
species generally perish as a result of 
periodic epizootics. Thus the most char¬ 
acteristic factors in the biology of the 
rodents, of the ungulates and of the pred¬ 
atory species find their explanation in the 
evolution of the ecology of reproduction. 


LIST OF LITERATURE 


Alpatov and Gauss. The logistical curve and its 
application in the sphere of qualitative biology. 
Journ. Experimental Biology , Vol. 3, No. 4, 1930. 
(Russian.) 

Baranov, Th. On the question of the biological 
basis of fisheries. Bull, of the Bureau of Fisheries, 
Vol. 1-1, 1917. Russian. 

Brbhm. Ticrlcbcn. 4th edition. 

Chapman, R. The trend of insect population from 
the viewpoint of biotic potential and environ¬ 
mental resistance. Cit. from Friderichs. 

-. Animal Ecology. 1930. 

Cholodovskij. Sur le calcul de multiplication des 
fttres organiques. Trav. Lab. Geocbim. Acad. See. 
U . S. S. R., 1930 (Russian). 

Dinnik. Animals of the Caucasus. Tiflis. 1910. 
Russian. 

Elton. Periodic fluctuations of the numbers of 
animals, their causes and effects. Brit. Jour . 
Exper. Biol., Vol. i, 1917. 

Fisher, R. A. The Qenetical Theory of Natural 
Selection. Oxford , 1930. 

Forschsr, Hugo. Die Jagdstatistik. In Die erne 


international Jagd-Ausstellung Wien 1910 ein 
monumentales Gedenkbuch. Wien-Leipzig, 1911. 

Fridbrichs. Die Grundfragen und Gcsetzmaessig- 
keiten der Land- und Forstwirtschaftlichen 
Zoologie. 1930. 

Gauss, G. Sur les courbes logistiques de la crois- 
sance de la population de Leningrad et de l'U. 
S. S. R. C . R. Acad. Sci. U. S. S . R. (Russian.) 

Kartzbv. The Forest of Bclovej. Petersburg , 1910. 
(Russian.) 

Kibsslinq. Der Rothirsch und seine Jagd. Neu- 
damrn, 1919. 

Lobatchbv, S. W. Some questions of organization 
and management of hunting farms in the North 
of the European part of U. S. S. R. Trans. 
Central Forestry Station of the People's Com¬ 
missariat of Agriculture. R. S. F. S. (Russian.) 

Mbnsbbbr, M. A. Game of Russia and the Caucasus. 
Moscow, 1901. (Russian.) 

-. Birds of Russia. Moscow, 1900. (Russian.) 

Mitchell, P. Chalmers. On longevity and relative 
viability in mammals and birds. With a note 
on the theory of longevity. Proc. Zool, Soc. 
London, 19x1. 



DYNAMICS OF POPULATIONS 


437 


Prarl, R. The effect of war on the chief factors of 
population change. Science, N. S., Vol. 51,1910. 

-. The Rate of living. A. Knopf, New York, 

1918. 

Prarl, R., and Rbbd, L. J. On the rate of growth 
of the population of the United States of America 
since 1790 and its mathematical representation. 
Proc. Nat . Acad . Set., 1910. 

Prrbblb, E. Birds and mammals. A biological 
survey of the Pribiloff Islands, Alaska. In 
North American Fauna. 

Plats, L. Selektionsprinzip. Leipzig, 1913. 

Sabanbjrff, L. P. The black-grouse. A mono¬ 
graph. Nature. Symposium of Natural History 
Books 1-4. 1874-1877. Moscow. 

-. The capercailye. A monograph. (Ibidem.') 

(Russian.) 

Sbton, E. Thompson. Life-history of Northern 
Animals. Baltimore, 1909. 

Sbvbrtzoff, A. N. On the factors determining the 
duration of life of multicellular animals. A 
preliminary notice. Rev. Zool. Raise, Vol. 2., 1. 
3 “ 4 . W7 - 

Sbvbrtzoff, S. A. Materials towards the knowl¬ 
edge of the biology of reproduction of the 
Tetraonidae in the National Park of Bashkiria 
in 1930. Trans. Lab. Applied Zool. Acad. Sci. 
U. S. S. R., No. 3,1931. (Russian.) 

-. Materials towards the knowledge of the 

biology of reproduction of the Tetraonidae in 
the National Park of Bashkiria in 1931. Rev. 
Zool. Russo, 1931. (Russian with a summary in 
German.) 


Sevbrtzoff, S. A. On the correlation between dura¬ 
tion of life and fertility of different species of 
mammals. Preliminary notice. Bull. Acad. Sci. 
U. R. S. S. Classe des Sci. Math, et Nat., No. 9, 
1930. 

Silva-Tarucca, Graf. Kein Heger, Kcin Jaeger. 
Ein Handbuch der Wildpflege. Berlin, P. Pares. 
x. Ausgabe. 192.9. 

Stachrowsky and Lobatchbv. Indexes and their 
part in hunting farms in U. S. S. R. Trans. 
Central Forestry Station of the People's Commissariat 
of Agriculture. 1930. No. 7. (Russian.) 
Tchugunov. The biology of the young of economic 
species of fishes of the Volga-Caspian District of 
Fisheries. Trans. Astrackan Fishery Station, Vol. 
6, No. 4,1918. 

Transactions of the Russian Congress of Hunters 
in Moscow 17-2.5 November, 1909. Published 
by the Organisation Committee of the Congress, 
Moscow , Kushncrcv and Co., 1911. 

Turxin, N. V. General statistical survey of the 
game and economic species of animals in Russia. 
In Animals of Russia. Vol. I, No. 1, N. V. 
Turkin and K. A. Satounin. Moscow, 1900. 
Kushncrcv and Co. (Russian.) 

Voltbrra, V. Variazioni c fluttuazioni del numero 
d’individui in specie animali conviventi. R. 
Comitato thalassographico italiano. Mem. 131. 
1917. Translated in R. Chapman’s Animal 
Ecology, 1930. Appendix. 

-. The mathematical theory of the struggle 

for life. Russian translation by P. P. Lazarev. 
Progress of Physical Science, Vol. 8,1918. Moscow . 




MOVEMENT IN THE CYANOPHYCEAE 


By P. R. BURKHOLDER 

National Research Council Fellow; Laboratory of General Physiology , Harvard 
University , Cambridge , Massachusetts 


T HE autonomic movements of 
filamentous Cyanophyceae have 
attracted the attention of numer¬ 
ous investigators from the time 
of Adanson (1767), and have evoked a 
considerable literature describing the visi¬ 
ble character of these movements and 
attempting to explain their as yet cryptic 
cause. Among the early algological rec¬ 
ords arc the observations of Vauchcr 
(1803) dealing with movement in the 
young filaments of Nostoc and the writings 
of Schrank (1813) and of Borys de St. 
Vincent (1817) describing the motility of 
Oscillatoria . The latter author, after pre¬ 
senting a vivid and somewhat amusing 
description of the behavior of ‘ 'Oscillairc' ' 
filaments, was obliged to conclude with 
the remarks: “Nous avons rcnonc6 & 
trouver leur mode de reproduction, ct 
surtout & expliquer le micanismc et les 
raisons de leurs mouvements/' Exactly 
one century later one may read in West and 
Fritsch’s (1917) excellent treatise on the 
algae that “although these movements 
have been much studied, especially those 
of the Oscillatoriaceae, no convincing 
explanation as to the mechanism has yet 
been offered/' 

The early workers were concerned with 
descriptive morphology and taxonomy 
rather than with the acquisition of knowl¬ 
edge by experimental methods. It should 
be pointed out, furthermore, that in many 
instances problems such as this are not 
solved until a considerable background of 
general information has accumulated and 
suitable methods for experimentation have 


been devised. The problem of move¬ 
ment in the blue green algae, however 
interesting to botanists, was not ap¬ 
proached experimentally until compara¬ 
tively recent years. 

The motility of the Cyanophyceae is of 
itself interesting, and the more so because 
of the striking similarity between this 
particular type of movement and that 
exhibited elsewhere in nature, i.e. 9 the 
locomotion of thiobacteria, diatoms, and 
desmids among plants, and the move¬ 
ments of amoebae, grcgarincs, phagocytes, 
etc. in the animal kingdom. All these 
relatively simple structures exhibit no 
permanent organs specialized in relation 
to locomotion; it is quite possible that no 
great dissimilarity exists in the funda¬ 
mental mechanisms which activate them 
all, though the controlling influences may 
be different in specific instances. It is 
our purpose here to bring together the 
results from the scattered literature per¬ 
taining to this subject, and to consider 
the problem of the mechanism of the 
movement. 

NATURE OF THE MOVEMENT 

Several different aspects of movement 
arc apparent in the filamentous Cyanophy¬ 
ceae, i.e. 9 linear translation, axial rotation, 
and oscillation ( cf . West, 1916). The 
translatory type of movement commonly 
consists of a slow gliding of the filament 
over a solid substratum in a straight or 
spiral line, the direction of which may be 
subjected to sudden and repeated reversal. 
According to Borzi (1886) the hormogones 
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of Lyngbya , Plectonema, Nos toe 9 Rivularia , 
Scytonema , and Stigonma emerge from their 
sheaths and exhibit periodic movement 
in a straight line for short periods of time; 
but the filaments of Microcoleus , Oscillatoria 
and Spirulina arc characterized by per¬ 
sistent movement in a spiral path. Char¬ 
acteristic linear progression of either the 
hormogoncs or the ordinary filaments of 
these and other genera QAnabaena 9 Cy - 
lindrospermum , Gloeotrichia, Isocystis, Phor- 
midium , etc.) have been described by many 
persons (Corti, 1774; Meycn, 1839; Dc 
Bary, 1863; Schwendcner, 1894; Brand, 
1903; Phillips, 1904; etc.). 

This typical linear progression is in 
some instances (especially in the Oscilla- 
toriaccae) accompanied by continuous ro¬ 
tation on the axis of the filament. The 
direction of rotation, to the right or left, 
is held to be constant for a given species of 
Oscillatoria (Schmid, 192.1) and has indeed 
been employed in the description of species 
in Geitler’s taxonomic treatise on the 
group (1915). The manner of rotation 
outwardly suggests the characteristic rota¬ 
tory powers of flagellates, ciliates, rotifers, 
etc. and may be determined by the definite 
morphology of the organisms. Through 
failure of all parts of a filament to co¬ 
operate, torsion may result in the twining 
of the Oscillatoria filaments about various 
small objects or each other (Fcchncr, 
1915; Schmid, 1918). In Spirulina there 
is a well-marked rotation about the axis 
of the spirally twisted trichome during its 
screw-like progression through the water 
(West and Fritsch, 192.7). Certain species 
of Oscillatoria exhibit a bending of the 
apical cells which is evident during rota¬ 
tion of the filament. Observations seem 
to indicate that rotation probably does 
not occur in the hctcrocystic members of 
the group (Borzi, 1886; Harder, 1918; 
Castle, 1916; etc.) and probably not in 
all species of Oscillatoria (Crozier and 


Federighi, 1914). It is probable that the 
spiral course characteristic of many mem¬ 
bers of the Oscillatoriaceac while moving 
freely in suspension may be considerably 
modified under conditions where the 
organisms are caused to adhere to a solid 
substratum. 

The third type of movement has to do 
with the bending and swinging of the 
end of a filament in a conical path. The 
swinging of a free end frequently occurs 
while the other end is held in a colonial 
mass of the organisms, but may also be 
found in unimpeded, creeping filaments. 
Also a bending of the extreme apical 
portion is commonly exhibited. When 
the motion is artificially restricted to a 
narrow plane, as is usually the case in a 
microscopic preparation, there is presented 
the appearance of slow pendulatory os¬ 
cillation which has doubtless given rise 
to the generic name, Oscillatoria. These 
swinging movements have been related to 
unequal stretching of the cell membranes 
on opposite sides of the filament corre¬ 
lated with a simultaneous rotation of the 
trichome (Schmid, 1918). 

Autonomous movements have upon sev¬ 
eral occasions been ascribed to single 
zoospore-like cells of the blue green algae 
(Borzi, 1880; Davis, 1894; Zukal, 1894), 
but such reports have been few and arc 
perhaps of somewhat dubious authen¬ 
ticity. Recently the detachment of motile 
blue green cells from the apex of Oscilla¬ 
toria and their swimming about in zoo¬ 
spore-like fashion has been reported by 
Spearing (1931). The correct interpreta¬ 
tion of these reports is as yet by no means 
clear. 

Of these various types of movement, that 
of longitudinal progression is probably 
best suited for experimental analysis, 
since it has been shown to be very steady 
under constant conditions (Crozier and 
Federighi, 1924). The rate of movement 
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under favorable conditions varies in dif- The situation may be elucidated by the 
ferent species up to a maximum of about diagram in Figure i showing a camera- 
x to 5 microns per second at ordinary room lucida sketch of the trail made by a fila- 
temperature ( cf . Gicklhorn, 19x1; Crozier ment of Oscillatoria sancta creeping on the 
and Federighi, 19x4; Castle, 19x6; etc.)- surface of nutrient agar. The alga was 
Unlike the simple linear progression of started at the point X, with the filament 
Nostoc, Anabaena, etc., the trail of an axis perpendicular to the rays of incident 



Fio. 1. The Trail of Oscillatoria sancta Crbbpino on i per cbnt Aoar toward thb Light 
The angle 0 denotes the deviation from a straight line resulting from the combination of longitudinal 
movement (0 and axial rotation (r). 



CONSECUTIVE SPACES TRAVERSED (1 SPACE-17 > 0 . 


Fio. x. Variation in Velocity of Translatory Movement Associated with Rbvbrsal of Dirbction in 

Oscillatoria Formosa 

The speed gradually decreases prior to reversal and suddenly increases immediately afterward in rhythmic 
fashion. If a reversal be denotea by R, the succeeding ocular spaces C*7M each) are traversed in 8.6, 7.1, 
7.x, .... 16.5, 19.9 seconds. Following this gradual decrease in speed, a sudden increased velocity re¬ 
occurs upon reversal (R); etc. 

Oscillatoria filament appears under close light coming from the right. In this 
examination to assume the form of a instance the direction of axial rotation was 
curved path. According to Schmid (1911) to the right, hence the filament progressed 
this path is the result of two vector com- in a curved course until the position y was 
poneilts, one associated with the longi- attained. At this spot reversal occurred 
tudinal velocity and the other with the and the filament* always turning to the 
rate of axial rotation at right angles to right, moved again nearer the source of 
the filament. illumination by a curved route. The 
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shape of the curve may be stated simply 
to be dependent upon the component of 
linear translation, t 9 and that of revolu¬ 
tion, r, about the filament axis. The 
angle 0 may be taken to represent the 
deviation from a straight line, and tan 
$ n> r/t or r d/t (d = diameter of the 
filament). This type of observation might 
very well be employed in the further in¬ 
vestigation of the effect of controlled 
variables upon orientation and reversal 
of these organisms. 

STRUCTURE OF THE ORGANISMS 

It is beyond the purpose of this paper 
to deal with details of morphological and 
cytological structure in a comprehensive 
manner, but a few essential facts will be 
pointed out in order to clarify the possible 
relationship between structure and certain 
physiological processes in these organisms. 

The question of cell structure in the 
Cyanophyccac has long been a subject of 
controversy, but the general situation is 
fairly well established for those members 
of the group with which we arc here con¬ 
cerned. The protoplast is described as 
consisting of three regions: a central mass 
of not very highly organized chromatin 
material, a peripheral portion which con¬ 
tains the characteristic pigments, and the 
outer plasma membrane in direct contact 
with the cell wall ( cf . Olive, 1904; Gard¬ 
ner, 1906; Guillcrmond, 1906; Brown, 
1911; cf . Sharp, 1916; etc.). Cell division 
is accomplished essentially by amitosis, 
which results in the quantitative sepa¬ 
ration of the chromatic material (cf. 
Smith, 1933), and the formation of a 
ring-like wall which grows inward from 
the lateral wall. The pigments chloro¬ 
phyll, carotin, phycocrythrin, and phy- 
cocyanin are distributed throughout the 
peripheral undifferentiated chromatophorc 
mass in diverse proportions (Boresch, 
1911; Willc, 1911) dependent upon the 


wave-length and the intensity of the 
illumination (Gaidukov, 1903; Harder, 
1913; Sargent, 1934) and the nutrient 
conditions (Magnus and Schindler, 1911; 
Schindler, 1913; Boresch, 1910, 1911). 

Since the Cyanophyccac arc not charac¬ 
terized by definitely differentiated chroma- 
tophores, such as hold the pigments in 
most other autotrophic plants, these algae 
appear to afford certain distinct advan¬ 
tages as material for the study of photo¬ 
synthesis. It is suggested that the sub¬ 
stances concerned in the reactions of 
photosynthesis arc in this instance 
relatively free to diffuse throughout the 
pigmented region which is uncomplicated 
by differentiated structure. However, 
there exists the problem of obtaining 
pure cultures of the algae, which to date 
has not been solved satisfactorily. 

The first evident products of photo¬ 
synthesis arc sugars and glycogen, and 
according to Baumgartel (1910) these arc 
immediately converted into glycoproteins 
(cyanophycin granules of Gardner, 1906), 
which accumulates as stored reserve food 
in the peripheral cytoplasm. Starch never 
occurs, but small oil droplets arc frequent 
inclusions, as also are the much disputed 
“pseudo-vacuoles* * in many genera (Brand, 
1905; VanGoor, 1915). The blue green 
algae arc generally devoid of true vacuoles 
and for this reason are able to endure long 
periods of drought (West and Fritsch, 
191 7 ). 

Enzyme activity has been studied in 
various green algae (Hampton and Baas- 
Becking, 1910; Sjoberg, 1910; Burge and 
Burge, 1914; etc.), but little is known 
about the enzymes of Cyanophyceae. 
Lavela (192.5) found that Pbormidium 
lamtnosum growing in springs at 74°C. 
produces lipase and a glycogen-splitting 
enzyme, but neither diastase, invertase* 
nor casein-splitting enzymes. According 
to Schmid (192.1), Oscillatoria produces 
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an agar-dissolving ferment. An indirect 
approach to the study of catalytic proc¬ 
esses in the activity of Oscillatoria has 
been indicated by Crozicr and Sticr (1916) 
in a discussion of the meaning of their 
thermal increment data. No further data 
upon the enzymes of blue green algae 
have been found. 

The cell wall in the filamentous Cyano- 
phyceae is regarded as consisting of two 
investments, an inner somewhat modified 
plasmatic membrane, and an outer muci¬ 
laginous envelope of firmer consistency 
(Lemmermann, 1910) forming a cylindri¬ 
cal sheath which is continuous (as in 
Oscillatoria) or interrupted between the 
cells (as in Anabama\ Fritsch, 1905). 
Gcitler (1915) holds that all cyanophy- 
ceous cell walls consist of pectins, but 
contain neither chitin nor cellulose. 
Mamcli (1910) has claimed the absence of 
chitin ( \cf . also Wester, 1909) and affirmed 
the presence of cellulose and pectins. 
Ullrich (192.9) has since demonstrated 
hcmi-ccllulosc together with pectins in 
the cell walls of Oscillatoria. 

There is no complete agreement con¬ 
cerning the wall structure, some having 
claimed it to be net-like (Correns, 1897; 
Kolkwitz, 1897), others finding it homo¬ 
geneous (Krenner, 1915; Ullrich, 1916). 
Many investigators have reported regu¬ 
larly arranged pores in the longitudinal 
walls of Oscillatoria (Kolkwitz, 1897; 
Phillips, 1904; Schmid, 192.1). By using 
KI and H2SO4, Schmid (1911) was able to 
discover pores in the longitudinal as well 
as in the cross walls of 0 . Jenensis . How¬ 
ever, Ullrich (1916) was unable to discern 
any pores by employing KI and KOH. 
That the adjacent cells of the Hor- 
mogoniales are connected by plasmodesma 
extending through pores in the transverse 
walls (thus unifying the entire filament) 
has been held by Wille (1883), Borzi 
(i886)» Phillips (1904) and others. West 


and Fritsch (1917) suggest that the pores 
of Stifpntma can be rendered conspicuous 
by desiccation and subsequent resoaking 
in water. Phillips (1904) recommends 
immersing the material in palladious 
chloride for a few days to increase the 
size of the pores. From the literature it 
is apparent that the visible details of 
structure depend upon the methods em¬ 
ployed in fixation and staining of the 
material. 

One property of the cell walls which 
appears to be intimately concerned with 
the movements of these organisms should 
be emphasized, their remarkable 

elasticity. Measurements of the range 
of elasticity have been made by the 
plasmolytic method (Brand, 1903), and 
also stereoscopically under normal culture 
conditions (Ullrich, 1916, 19x9). Species 
of small diameter have been found capable 
of the largest percentage of stretching 
( cf . Hansgirg, 1883; Schmid, 1918). 

The secondary cell sheaths not in direct 
contact with the protoplast arc held to 
be developed either by apposition of new 
inner layers of mucus (Correns, 1897), 
by intussusception (Geitlcr, 1915 a ), or 
commonly by the extrusion of carbo¬ 
hydrate substances through pores in the 
cell membrane (Kolkwitz, 1897; Schmid, 
1911). Fcchncr (1915) found that by 
staining with safranin the uneven appear¬ 
ance of the mucilaginous surface in Oscilla¬ 
toria could be made to reveal crossing 
systems of material arranged at an angle 
of 33 0 to the axis of the filament. That 
secretion takes place in the apical cells 
only and that the slime gradually moves 
toward the middle (Fechner, 1913; Gickl- 
horn, 19x1) is denied by Schmid (192.1), 
who claims that secretion occurs along 
all portions of the filament. 

The conditions governing the rate of 
sheath-formation (which a host of persons 
have invoked to explain motility) have 
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to date not received critical attention. 
Presumably the factors which influence 
the elaboration of food materials in the 
plant and the factors which regulate the 
turgor pressure of the cell and the per¬ 
meability of its membrane are involved in 
producing the extruded mucus substances. 

The chemical nature of the envelope, 
which may be extremely thin ( Oscillatoria ) 
or very thick ( Lyngbya ), varies according 
to the species. Among the earlier in¬ 
vestigators, Gomont (1888) found that 


Fig. 3. Illustration of the Variable Nature 
of the Gelatinous Sheath 
(a) No sheath present in Oscillatoria jortnosa. 
(b) In old cultures the same species is provided 
with a definite sheath. 

although the cell membrane propre was 
insoluble in acids, the sheath was readily 
soluble and consisted of layers. In an 
investigation of many genera, Lemaire 
(1901) concluded that the filamentous 
Cyanophyceae exhibit three types of 
sheaths: (1) simple sheaths composed of 
pectin (. Anabaena , Cylindrospermum , Gloeo- 
trichia , Nodularia , Nostoc] ), (2.) complex 
type consisting of acid pectins and basic 
‘ ‘schizophycose* * ( Lyngbya , Phormidium , 
Scytonema , Stigonema'), (3) mixtures of cel¬ 


lulose and “schizophycose” ( Desmonema , 
Diplocolon , Scytonema , Toly pothrix ). 

Among the later inquiries into the 
nature of the cyanophyceous sheath was 
that of Klein (1915), who denied that 
chi tin is a constituent as had been reported 
earlier (cf. Hegler, 1901; Kohl, 1903). 
Cellulose was demonstrated in the hetero¬ 
cysts and sheaths of Dicothrix , Rivularia y 
Schizpthrix , Scytonema , and Tolypothrix , but 
was not found in the sheath of Lyngbya. 
In the sheaths of many genera, pectin was 
found to be a common constituent, and in 
Nostoc pentosans were found. The thin 
sheath of Oscillatoria (visible in ink sus¬ 
pensions) has not been studied so exten¬ 
sively. Krenner(i92.5)claimed that hemi- 
cellulose, not pectin, forms the isotropic 
sheath of 0. limosa (disagreeing with 
Kohl, 1903, and Fechner, 1915); Ullrich 
(192.9) has reported that (as an artifact) 
the pectin-hemicellulose sheaths of Os¬ 
cillatoria sp. may be doubly refractive 
when under pressure. 

The sheath (its size, color, etc.) has long 
been regarded as an important morpho¬ 
logical character worthy of the attention 
of descriptive taxonomists. On the au¬ 
thority of Gomont (1888), the presence of 
a sheath is the only character which sepa¬ 
rates the genus Lyngbya from the genus 
Oscillatoria. It appears doubtful whether 
this distinction can in all cases be main¬ 
tained, based as it is upon a variable 
character whose quantity at any time 
must in large measure be dependent upon 
the factors of the environment. The thick¬ 
ness of the sheath will depend upon the 
amount of new material which can be 
excreted by the protoplast upon the in¬ 
ternal surface of the older layers of mucus. 
If a filament be non-motile or subjected to 
frequent reversal, more mucus can be ac¬ 
cumulated about it than in the case of a 
filament proceeding without reversal at a 
relatively rapid rate over a long distance 
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and continually leaving its mucus behind 
on the substratum (cf. Phillips, 1904). 
Two algae, one answering the description 
for 0 . formosa and the other for 0 . sancta y 
were observed recently to have well- 
developed sheaths in old cultures. When 
transferred to fresh solutions favorable 
for the exhibition of translatory move¬ 
ment, the trichomes always glided out 
leaving the old sheaths behind (cf. also 
Phillips, 1904; Coupin, 1911). This phe¬ 
nomenon is supposed to represent the 
so-called reproduction by hormogone for¬ 
mation, but is apparently not related to 
the length of the filaments. It would 
appear that thickness of the sheath in at 
least some of the Hormogoniales is a 
variable quantity which depends as much 
upon the external environmental factors 
which influence the synthesis of carbo¬ 
hydrate materials and movement of the 
organisms as upon internal hereditary 
factors. 

Summarily, it may be said that the 
Cyanophyceae, characterized by relatively 
simple cell- and body-structure, very well 
illustrate “the conception of cell structure 
which implies differentiated regions of a 
colloidal system in which special processes 
have become localized and tend to remain 
fixed** (Harper, 1919). 

THE MECHANISM OF MOVEMENT 

Of all the various theories which have 
been proposed to explain the mechanism 
of movement in the Cyanophyceae, prob¬ 
ably the most popular is that involving 
the mucus secretions which form the 
sheath. The secretory mechanism (cf. 
Verworn, 1899) has long been held to be 
the cause of motility, not only in the blue 
green algae (Engel mann, 1879; Corrcns, 
1897; Fcchner, 1915; Gicklhorn, 1911; 
etc.) but also in the desmids (Klcbs, 1886; 
Adcrhold, 1888; Schroder, 1901) and di¬ 
atoms (Butschli, 1891; Lautcrborn, 1894, 


1896) as well. One point of view would 
propose that the actual streaming of the 
outer mucus (plasmic strands), as indi¬ 
cated by the movement of adhering foreign 
particles, serves to propel the cyanophy- 
ceous filament (Sicbold, 1849, Schultze, 
1865; cf. Fechner, 1915) in much the same 
manner as in the case of diatom frustulcs 
(Muller, 1893, I & 97 > Lauterborn, 1896; 
Palmer, 1910) and perhaps some amoebae. 
Engelmann (1879) went so far as to iden¬ 
tify the outer mucous material of Oscilla- 
toria as a modified plasma membrane, and 
Schultz had previously held the idea of 
pseudopodial action in the case of diatom 
movements. Fechner*s (1915) contention 
that only the apical parts of a filament 
contribute to movement by secretion of 
slime was disproved by the experiments 
of Schmid (1913) with severed portions, 
in which all parts of a filament were 
found capable of movement. 

In this connection it is significant that 
streaming inside the cell, as indicated by 
the motion of cytoplasmic granules under 
the ultra-microscope, occurs only while 
the algal filament is in motion (Gaidukov, 
1910; Schmid, 1918). That the puzzling 
movements of diatom frustules may be 
related definitely to protoplasmic move¬ 
ments has been suggested recently by 
Dangeard (1931). The inhibitory effect 
of ultra-violet light upon movement in 
Oscillatoria was attributed to an effect 
upon the kontractilc Substan £ of the proto¬ 
plasm by Fuchs (1907). In view of what 
is known about protoplasmic streaming 
in such plants as Elodca , Nitclla , etc., it 
appears not unlikely that the movements 
of* the Cyanophyceae may be related in 
a definite manner to the activity of the 
protoplasts, perhaps through the excretion 
of streaming mucous material. 

A somewhat different viewpoint in¬ 
volves the radial swelling of the aniso¬ 
tropic mucus to form a narrow angle which 
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squeezes the filament forward and away 
from the smaller end of the sheath 
(Fechncr, 1915; Harder, 1918). This the¬ 
ory might possibly be applied to the 
cylindrical Oscillatoriaccac, but it would 
seem difficult to apply to those hetcro- 
cystic forms in which the mucous sheath is 
interrupted between the cells (cf. Fritsch, 
1905). The anisotropic character of the 
sheath has been denied by several later 
workers and the swelling theory stoutly 
denied by Schmid (1918). 

Prell (192.1) advanced the hypothesis 
that movement might be caused by the 
flowing pressure of gelatinous strands ex¬ 
truded through the numerous spirally 
arranged pores along the entire length of 
the filament. These strands of jelly pre¬ 
sumably correspond with the position of 
the pores and arc originally separate; 
final agglutination by swelling results in 
the characteristic sheath formation. The 
direction of rotation in screw-like fashion 
is held to be morphologically fixed by the 
spiral arrangement of two crossing scries 
of pores; reversal is explained as a response 
to some external stimulus which checks 
secretion and causes contraction of the 
filament. When secretion is resumed, the 
strands of jelly have a different purchase 
with respect to the substratum and the 
filament is caused to move in the opposite 
direction. This ingenious hypothesis was 
built upon the work of preceding authors 
(Fechner, 1915; Schmid, 1918) and has 
considerable evidence in its favor. In the 
desmids and the recently described 
Chrootbta mobilis (Paschcr and Petrova, 
1931) the pores are sufficiently large so as 
to extrude quite easily discernible mucous 
strands which are believed to cause move¬ 
ment; in the Cyanophyccac, however, 
the optical evidence in support of Prell's 
hypothesis is not wholly satisfactory. 
The observations of Phillips (1904), who 
erroneously concluded from bis data that 


the extruded protoplasmic strands func¬ 
tion as cilia, seem to lend evidence in 
favor of a secretory mechanism like that 
proposed by PrelTs hypothesis. 

The various theories of propulsion by 
mucilaginous secretions appear less easily 
applied to the movement of filaments 
not in direct contact with a solid sub¬ 
stratum. Several early workers (Cohn, 
1867; Hansgirg, 1883) believed that longi¬ 
tudinal progression took place only while 
the organisms were in contact with a sub¬ 
stratum, but free swimming has since been 
observed in Cylindrospermum , Oscillatoria , 
Spirulina , etc. (Nageli, Pfitzer cited in 
Vines, 1886; Kolkwitz, 1897; Phillips, 
1904; West and Fritsch, 1917). Kolkwitz 
(1897) noted also the creeping locomotion 
of Oscillatoria on the surface of the water. 
The author has observed that movement 
during free suspension in culture solutions, 
though infrequently encountered, is more 
rapid than while in contact with a glass 
surface. To quote Vines (1886): “The 
creeping movements arc suggestive of 
pscudopodial action but the swimming 
power would appear to lend support to 
an osmotic theory." 

The osmotic theory of movement has 
had many proponents in the past, e.g. 
Borscow, Dippcl, Hansgirg, Mcre- 
schowsky, Nageli, etc. ( cf . Vines, 1886). 
Zukal (1880) working with Spirulina 
thought that unequal growth on different 
sides of the filament would cause dis¬ 
tortion of the hydrostatic pressure and 
hence effect movement. The theory pos¬ 
tulated by Hansgirg (1883, 1887) would 
attribute movement to diosmotic processes 
resulting from a turgor gradient along the 
entire filament. When turgor is greater 
in the cells at one end than at the other, 
movement continues steadily, but due to 
an external stimulus ( [e.g . friction of the 
foundation) the turgor pressure gradient 
may be reversed with consequent reversal 
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in the direction of translatory movement. 
If the turgor pressure should happen to 
be equal in the cells throughout the fila¬ 
ment, according to the theory, no move¬ 
ment could occur. It is not clear just 
how suction pressure could be converted 
into mechanical force sufficient to propel 
the organism. It should be mentioned 
here that plasmolytic experiments do in¬ 
dicate differences in the osmotic properties 
of the cells in different parts of a filament 
of Oscillatoria , for example, but a definite 
gradient along the axis has not been 
demonstrated. 

Though no good evidence has been 
offered in favor of the surface tension 
theory of movement, it is apparent that 
surface phenomena arc intimately con- 


method of approach as that of van Honert 
(1931), who demonstrated the rapid move¬ 
ment of oleate in an ether-water interface, 
would seem to have the possibility of 
yielding fruitful results. 

Presumably the mechanism of movement 
in Oscillatoria might be similar to that 
involved in the movement of a small glass 
tube filled with gum camphor, sealed at 
one end in a flame and placed lightly upon 
the surface of water. Under these condi¬ 
tions the glass tube, not unlike Oscillatoria 
in shape, glides rapidly forward in a direc¬ 
tion parallel to the long axis and away 
from the end of lowered surface tension 
brought about by solution of the camphor. 
With the aid of a micro-manipulator and 
fine glass needles, the author has been 



F10. 4. The Longitudinal Contraction Wavs, in Okillatoria Mat as Induced by Osmotic Processes 
Causing Variation in thb Shapb or ths Cells (ci. x and y) and Perhaps also in Thbir Volume 
Rhythmic changes in the dimensions ( a , b, c, and d) of the cells throughout a filament have been ob¬ 
served; the magnitude of the transverse wave (measured by the angle a) lies on the border-line of visibility. 
(After Ullrich, 19x6, 19x9.) 


ccrned with the mechanism of movement 
(ef. Pfeffcr, 1906). It is indeed possible 
that the superficial films of blue green 
algae, diatoms, crawling euglenas, 
amoebae, gregarines, etc. are all similarly 
activated by surface tension changes (cf. 
Schaeffer, 1917, 1910; Search and Lloyd, 
1930). Coupin (1913), while observing 
the movements of 0 . litnosa, came to the 
conclusion that osmotic exchange between 
the organism and its environment would' 
cause modifications in the surface tension 
and therefore influence movement. Hans- 
girg.(i883) appears to have been unaware 
of the importance which might have been 
attached to a Study of the surface tension 
in his experiments with Oscillatoria fila¬ 
ments gliding in almond oil. Some such 


able to cut filaments of Oscillatoria into 
two parts and to observe their movement 
simultaneously under a microscope. The 
severed, portions of filament glide rapidly 
away from the cut ends where it may be 
supposed that surface active materials 
are set free into solution. Furthermore, 
it has been noted that dried specimens 
kept in the herbarium for many years will 
exhibit the characteristic gliding move¬ 
ment when placed in a drop of 10 per cent 
glycerine in water between a glass micro¬ 
slide and cover. These observations ap¬ 
pear highly suggestive and may be inter¬ 
preted as supporting the surface-tension 
theory of movement. 

Many of the early naturalists were in¬ 
clined to regard the moving Oscillariae as 
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"wurmformig" animals which crawled 
by peristaltic contractions (Ingenhousz, 
Purkinje, Dujardin, etc. according to 
Hansgirg, 1887). Similarly, Cohn (1867) 
and Migula (1897) believed that movement 
was in some way brought about through 
contractility. Rhythmic contractions were 
noted in Oscillatoria by Phillips (1904) 
and later under dark field illumination 
by Crozier and Fcdcrighi (19x4). Brand 
(19030) showed that considerable con¬ 
traction could be produced artificially in 
Phormidium by placing the filaments in 
hypertonic solutions of glycerine or 
KNO,. 

One of the principal champions of the 
contractility theory in recent years has 
been G. Schmid (1918, 19x1, 19x3) who 
claimed that normal rhythmic contrac¬ 
tions of the cells cause the extrusion of 
the gelatinous stuffs along the entire 
filament, and also longitudinal and pen- 
dulatory movements. These contractions 
arc believed to be set up by osmotic proc¬ 
esses which proceed in waves along the 
filament. By employing solutions of 
sugar, KNO3, NaCl, etc., Schmid found 
the longitudinal membranes capable of 
over 30 per cent turgor extension beyond 
the minimal value. 

Careful analyses of the rhythmic con¬ 
tractions in Beggiatoa and in Oscillatoria 
have been made by Ullrich (19x6, 1919) 
through the utilization of a stcrco-pho- 
tomicrographic method. In 0 . sancta at 
X4°C. the velocity of the waves was found 
to be 13.microns per second, the wave 
length 15 microns, and the velocity of 
translatory movement of the filament 0.684 
microns, with the waves running against 
the direction of creeping. As a wave 
passed through a particular cell in the 
filament the width of the cell showed an 
increase and the length a decrease in size, 
the magnitude of the variations being on 
the borderline of visibility. In an 8 per 


cent sugar solution no waves were ob¬ 
served, yet movement of the filament 
continued. It was concluded by Ullrich 
that no definite direct relation existed 
between the observed waves and the speed 
of translatory movement. 

MOVEMENT IN RELATION TO ENVIRON¬ 
MENTAL FACTORS 

For many years it was hoped to arrive 
at the truth through abstract reasoning, 
and the problem of movement in the 
Cyanophyccac was approached with an 
attitude of speculation. The newer point 
of view proposes to build up a theory of 
the mechanism of movement with the 
quantitative evidence derived from experi¬ 
ments in which the operating factors arc 
controlled. A brief review of the per¬ 
tinent data supplied by investigations 
dealing with movement in relation to 
different environmental factors will be 
given in the hope that additional quanti¬ 
tative information may be made available 
in the future. 

Phototactic response in the motile 
Cyanophyccac was early described by 
Famintzin (1867), who found that 0 . 
insignis moved toward light of moderate 
intensity but turned away from direct 
sunlight. Bornct and Thuret (1876) noted 
a light response of hormogoncs of 
Scytomma; and positive “heliotropism" in 
Oscillatoria was reported by Borzi (1886). 
That movements of the blue green algae 
are more rapid in the light than in the 
dark has been the common belief (Hans¬ 
girg, 1883; Phillips, 1904; Picpcr, 1913; 
Harder, 19x0). However, Schmid (19x1) 
claimed that light is unessential for the 
moving mechanism, since he found that 
Oscillatoria kept in the dark for 30 days 
was capable of movement when trans¬ 
planted to 1 per cent agar in the dark. 
The speed of thiobacteria, as also their 
growth, appears to be independent of the 
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light intensity (Ruhland and Hoffman, 
191;; Crozicr and Stier, 1916). 

For the growth of blue green algae in 
inorganic culture solutions proper condi¬ 
tions of illumination are highly important 
(Harder, 1911; Pringshcim, 1916). A 
pigmentary response to light of selected 
wave length and energy content has been 
claimed to result in complementary chro¬ 
matic adaptation (c/. Gaidukov, 1903, 


of light. Harder (1917 a) also has shown 
that the percentage germination of Nos foe 
spores is proportional to the metcr-candle- 
hours of exposure. The young hormo- 
gones of Nostoc punctiforme and of Anabaena 
variabilis responded in a positive manner 
by creeping over the surface of 1 per cent 
agar toward the source of illumination, 
and were thus obtained in pure culture by 
repeated transfers (Harder, 1917). When 



Fig. 5. Tran*latory Movement of Nostoc punctiforme under Different Conditions of Illumination 
Following a Period of Dark Adaptation of About l4 Hours 

The primary hormogones (A and B), germinated directly from spores, exhibit a marked acceleration in 
velocity with increasing light up to about 100 meter-candles; above this region the variation in response is 
less with change in the illumination. The movement of older hormogones (C) is not influenced much by 
variations in the light. In A the illumination was varied by the sauare of the distance; in B the light was 
modified by employing a rotating sector disc. (After Harder, 1918.; 


1906,1913; Dangeard, 1911; Boresch, 192.1). 
Harder (1913) noted that when Pbomidtum 
favtolarum was grown under different 
colored lights, it became chromatically' 
adapted for the highest efficiency of 
assimilation under the existing conditions. 
Using equal intensities, he found that a 
wave length, of incident light complemen¬ 
tary to the color of the algae afforded 
better assimilation than did the same color 


placed in the shade these algae assumed 
an hctcrotrophic existence upon the or¬ 
ganic substratum. 

The nutritional dependence upon light 
and the orientation with respect to the 
direction of the incident light are well- 
known phenomena in the blue green algae. 
The mechanism of their phototactic re¬ 
sponses is not well understood, though 
considerable attention has been given to 
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the problem. Harder (1918) found a 
variation in the velocity of Nostoc fila¬ 
ments when subjected to different light 
intensities following a 14 hour period of 
dark adaptation. The speed of the pri¬ 
mary hormogones of Nostoc increased with 
the light intensity between 5 and 900 
meter candles. Up to 100 meter candles 
alterations in the intensity produced con¬ 
siderable changes in the rate of progres¬ 
sion; above this intensity the effects were 
small. However, older hormogones were 



whether the direction of all incident light 
was controlled. It is probable that ac¬ 
tivity might be different under conditions 



20 25 30 35 40 
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Fig. 6 Fig. 7 

Fig. 6. The Reaction Time (Ordinate) Required for Resumption of Movement in Nostoc Filaments 
after Quiescence had been Induced by Exposure to Dim Blue Light (Equivalent to 
Darkness According to Harder, 1910) for Various Lengths of Time (Abscissa) 

The filaments were first exposed to bright white light at 2.00 meter-candles for 2. minutes, then “darkened.’* 
When illuminated again witn white light, movement was resumed after the lapse of definite periods of time 
up to 80 seconds. When the shade-period lasted more than a mtnimum of about 15 seconds, then reversal of 
direction always occurred, and the length of the rest-period (lower curve) in the succeeding light varied in¬ 
versely with the duration of the shade-period. The total reaction time, measured from the beginning of the 
shade-period up to the resumption of movement in the light, appears to be directly related to the length of 
the shade-period. When the “darkened” period is greater than 80 seconds, movement is resumed upon subse¬ 
quent illumination without any rest-period in the light. (After Harder, 1910.) 

Fig. 7. The Rest-period in Creeping Filaments of Nostoc is Inversely Proportional to the Intensity 
of the Illumination during a Period of Shade 

The organisms, accustomed to light of 800 meter-candles, were suddenly exposed to dim light in the range 
of 10 to 41.5 meter-candles (abscissa) and the time measured for cessation and resumption of movement 
(ordinate). (After Harder, 1910.) 


indifferent to variations in illumination 
between 5 and llli meter candles. It is 
not clear whether heat effects were entirely 
eliminated in these experiments and 


stimulus, and when such possibilities of 
orientation are excluded from the ex¬ 
periment. 

Significant information as to the mcch- 
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anism of reversal has been given by the 
same author (Harder, 1910) for Nostoc hor- 
mogones. Reversal of the direction of 
movement occurred when the intensity was 
suddenly lowered; sudden increases in 
intensity from o to 11,000 meter candles 
gave no reversal. Only when the previous 
period of illumination had lasted a definite 
minimum time did a lowering of the in¬ 
tensity result in reversal. The factors 
concerned were: (a) the period of illu¬ 
mination, (b) the period of shading, (c) 
the drop in intensity between the two 
periods. It should be mentioned that 
other investigations have indicated greater 
frequency of reversal in short filaments 
and at higher temperatures (Crozierand 
Fedcrighi, 1914). Also, the author, has 
upon occasion observed reversal in dark 
adapted Oscillatorta when subsequently ex¬ 
posed to the light; greater frequency of 
reversal appeared to be associated with 
higher light intensity. By no means is 
the situation clear as to the factors in¬ 
volved in the mechanism of reversal. 

The present author was unable to find 
any significant difference in the velocity of 
0 . formosa at different illuminations be¬ 
tween 0.01 and z 6 .z foot candles after a 
period of zo hours of dark adaptation. 
The temperature was definitely controlled 
at zz° dt a small fraction and the possi¬ 
bility of orientation was excluded from 
the experiment, since the incident light 
was perpendicular to the plane in which 
the organisms were allowed to glide. 
In other experiments with nine species of 
Oscillatorta it was found that the photo¬ 
tactic sign depends upon the species as 
well as upon the intensity of light. Nega¬ 
tive phototaxis served to segregate 0 . 
sflendida from other positively phototactic 
species associated with it in the same 
Petri dish. The diaphototaxis or orien¬ 
tation in such a manner that optimum 
absorption may be permitted has been 


found in the case of Oscillatorta filaments 
exposed to moderate light conditions 
(Pieper, 1913, 1915). In Figure 8 there is 
illustrated the autonomous orientation of a 
culture of 0 . formosa , the filaments being 
arranged in a position perpendicular to 
the direction of incident light. Other in¬ 
teresting experiments are in progress with 
Oscillatorta placed in nutrient solution in 
long glass tubes where the filaments glide 
spirally upon the inner surface toward 
suitable light sources. 



Fig. 8. Autonomous Orientation of the Filaments 

OF OSCILLATORIA FORMOSA IN A POSITION PERPEN¬ 
DICULAR to the Direction of the Incident 
Light 

Nienburg (1916) employed an ingenious 
technique for the observation of photo¬ 
tactic response in Oscillatoria . A very 
small beam of light was controlled by 
different sizes and shapes of apertures and 
was manipulated so as to illuminate one 
or both ends or only the middle of a 
single filament while creeping on a micro¬ 
scope slide. A change from light to 
darkness always caused reversal; a change 
from dark to light had no influence upon 
the direction of movement. Speed was 
apparently accelerated by increased light 
intensity (temperature not controlled?). 
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The conclusion was reached that all parts 
of a filament arc equally reactive to light, 
but it was not possible to discover whether 
intensity or “direction of light** was 
operative in producing the photic re¬ 
sponses. 

There is certainly some definite relation¬ 
ship between the absorption spectrum of 
these organisms and their response to 
light. Absorption of the pigments of 
several of the members of the Oscilla- 
toriaceae has been studied (cf. Engelmann, 
1884; Sauvageau, 1908; Borcsch, 1911 a , 
1911 b; Wille, 1911), but little effort has 
been made to correlate movement with 
light absorption. Schmid (1913) thought 
that brown species ( 0 . Jenensis ) with a 
high proportion of phycoerythrin arc 
negatively phototactic, and green species 
( 0 . Cortiana) positively phototactic. This 
assumption cannot be generally applied. 
Working with 0 . formosa , Piepcr (1913, 
1915) found positive phototaxis in white 
light of moderate intensity and negative 
phototaxis in strong tantalum-light and 
sunlight. In red and yellow light, at all 
intensities employed, there was strong pos¬ 
itive response; within a definite optimum 
zone the filaments were oriented at right 
angles to the direction of the light. In 
dim green light the response was positive, 
but under increased intensity it became 
negative. The blue part of the spectrum 
seemed to cause a negative response. 
Piepcr concluded that the manner of orien¬ 
tation depended upon the wave length, 
intensity, and direction of the beam of 
light. 

Since the velocity of physical and 
chemical reactions bears a definite relation 
to change in temperature, the rate of 
biological processes in relation to tem¬ 
perature has been investigated by nu¬ 
merous workers in order to ascertain the 
nature of the mechanism involved. Harder 
(1918) studied the rate of linear trans¬ 


lator movement of Nostoc in relation to 
temperature and found the temperature 
coefficient to be Q 10 = 2. at ordinary tem¬ 
peratures up to 3o°C. The temperature 
coefficient for movement of Oscillatoria 
between 10 and 3o°C. was also found by 
Schmid (1918) to illustrate the Van*t Hoff 
Principle for chemical reactions. 

In view of the fact that the temperature 
coefficient was deemed imperfect for the 
characterization of the processes con¬ 
cerned in this type of movement (as well 
as for other biological phenomena), Crozier 
and Federighi (192.4) studied the critical 
thermal increment (temperature charac¬ 
teristic) of the movement of Oscillatorta . 
The velocity of translation was found to 
be controlled by the temperature (6 to 
36°C.) in accordance with the equation of 
Arrhenius for irreversible chemical reac¬ 
tions. The value of the critical increment, 
/x, in this equation, 

y d - oc i t L_ at .I 8 „ /Kfrf.) 

velocity at Ti 

was found to be 9,2.40. To quote these 
authors: “The velocity of movement is 
therefore regarded as determined by the 
velocity of an underlying chemical proc¬ 
ess, controlled by the temperature and 
by the amount of a substance (? catalyst) 
whose effective quantity at any moment 
varies within definite limits in different 
filaments of the alga.’* In view of a sus¬ 
pected connection between protoplasmic 
streaming and the movements of Oscilla - 
toria, a comparison of the thermal incre¬ 
ments for cyclosis in aquatic plants, and 
of the amoeboid movements of human 
neutrophilic leucocytes was made with 
the temperature characteristic for loco¬ 
motion of Oscillatorta . It was concluded 
that these “are all influenced in a not very 
dissimilar way by the temperature, al¬ 
though the actual values of the several 
critical thermal increments seem distinct 
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and characteristic/* Crosier and Stier 
(1916) studied the temperature charac¬ 
teristics for the speed of movement in 
Btggiatoa and Tbiotbrix and found that 
above i6.5°C. the value of n for the former 
is 8,400 and for the latter 8,300. Below 



aturb in Accordance with the Equation op 
Arrhbniu8 for Irreversible Chemical 
Reactions 

The data indicated by C are taken from Crozier 
and Federighi (192.4). Note that the extreme vari¬ 
ates fall within lines parallel to that representing the 
slope of the set of values. At high temperatures 
(above 36°C.) the controlling mechanism appears to 
be disrupted, as indicated by the points Dreaking 
away from the characteristic slope. The other plots 
(N)jure taken from the paper by Navez (1918). 

this temperature (i.t., 16.5 — s°C.) Beg- 
giatoa yielded a m of 16,100, which indi¬ 
cated a different controlling influence in 
the lower temperature range. It is ap¬ 
parent that the .visibly similar phenomena 
of motility in the blue green algae and the 
thigbactcria may be controlled by similar 


underlying chemical and physical proc- 
cesses. 

The results of some work upon the 
movement of 0 . ebalybea in relation to the 
temperature were published later by Navez 
(1918). What may have been two “tem¬ 
porary physiological races" yielded ther¬ 
mal increments GO of 9,450 between 8.1 
and i6.i°C., and 11,700 between 13 and 
35°C. respectively. The former value is 
significantly close to that obtained for 
another species of Oscillatoria by Crozier 
and Federighi. The values of n about 
zo,ooo are possibly concerned with hydro¬ 
lytic reactions or processes H + catalysed; 
those below 10,000 might be connected 
with diffusion phenomena and surface 
action. Though it has not been possible 
as yet to identify the process controlling 
locomotion, it appears quite significant 
that this type of biological activity has 
been found to obey the law of temperature 
influence upon irreversible chemical reac¬ 
tions. 

However popular in modem physio¬ 
logical research, the effect of dissolved sub¬ 
stances upon cell permeability and the 
vital processes has not received much 
attention with respect to the Cyano- 
phyccac. On the other hand, a great deal 
of attention has been given to this aspect 
of the problem in other organisms, such as 
amoebae, infusorians, leucocytes, etc. 
(Dale, 1913; Pantin, 1913,1915-16; Fenn, 
1911; Chambers and Reznikoff, 1916; 
Chase and Glaser, 1930). Information 
concerning movement in other organisms 
serves to throw considerable light upon, 
and is in certain instances perhaps directly 
applicable to the situation in the blue 
green algae. Further discussion of specific 
analogies must, however, be deferred at 
this time. 

The osmotic properties and the perme¬ 
ability of several species of Oscillatoria 
have been studied, though no large body 
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of facts is available on the subject. Brand 
(1903) has pointed out that plasmolysis 
docs not easily happen in this group, pre¬ 
sumably because of the absence of vacu¬ 
oles, and due to the elasticity of the cell 
membranes (cf. West and Fritsch, 1917). 
Prat (1911,192.5) found that the isosmotic 
concentration varied in different species 
between the limits of 0.8 to 1.5 per cent 
NaCl and 10 to 13 per cent saccharose. 
Species of Oscillatoria were plasmolysed in 


ment was more rapid in relatively dilute 
Knop*s and in relatively concentrated 
NaCl and saccharose solutions. Schmid 
(1913) found that the osmotic pressure in 
the cells of 0 . Jenensts was lower than in 
other plants for which data were available 
with the exception of slime molds. Ac¬ 
cording to Prat recovery from plasmolysis 
was more rapid in the case of monovalent 
metals than divalent (using the chlorides 
in all cases). No deplasmolysis with 


TABLE 1 


The Relative Rates of Deplasmolysis of Oscillatoria in Various Salt Solutions as an Indicator of the Permeability . (0 *■ 
Recovery in jo Seconds to / Minutes. + ® Deplasmolysis in Concentrations Below Mf 9 in 10 to 30 Minutes, and in 
Higher Concentrations from 90 to 50 Minutes. ++ «• More than One Hour Required .) ([After Prat , 1921) 
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TABLE 1 


The Relation of Velocity of Movement to Turgor Pressure and Diameter of the Filaments in Several Species of Oscillatoria 

(after Rrenner , 1925) 


SPECIES 

SIZE 

SPEED 

MOVEMENT 
IN SUCKOSE 
SOL. 

MOVEMENT 

INHIBITED 

ISOTONIC 
SUCKOSE SOL. 

TURGOR IN 
ATMOS¬ 
PHERES 

0 . Frohlichii . 

broad 

slow 

5"6-5% 

m m 

M-o% 

I6.63 

0. curviceps . 

medium 

slow 

6-8.5% 

iff 1 

18.0% 

19.40 

0. tenuis . 

narrow 

fast 

17% 


37-5% 

15.98 


1.6 to 1.8 per cent KNOa and in 1.0 to 1.1 
per cent NaCl. When the concentration 
of a saccharose solution was slowly in¬ 
creased by evaporation, the immersed 
algae were able to withstand much higher 
values than under ordinary conditions. 
The threshold concentration permitting 
movement in the species of Oscillatoria 
studied by Prat was 1.5 per cent Knop’s 
solution, 1 per cent NaCl, and 13 per cent 
saccharose. Below the threshold, movc- 


MgSO« or sugar was obtained, indicating 
impermeability of the cell membrane to 
these substances. 

Since the manner of movement in the 
thiobactcria i? not unlike that in the 
Cyanophyccac, the recent investigations 
of Ruhland and Hoffman (1915) and Ruh- 
land, Ullrich and Yamaha (1931) upon 
the permeability of Bcggiatoa mirabilis 
are of interest In this connection. These 
authors have concluded from plasmolytic 
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experiments with a long list of substances 
that penetration of large organic anions 
is inversely proportional to the radius of 
the ion, which lends support to the con¬ 
cept of an ultra-filter mechanism for the 
permeability. 

Attempts have also been made by several 
writers to correlate speed with the osmotic 
pressure and size of the filaments. Ac¬ 
cording to Corrcns (1897) the velocity is 
proportional to the diameter (with some 
exceptions). Recently Krenner (1915) has 
reported that the narrow and rapidly mov¬ 
ing filaments of 0 . tenuis have an osmotic 
pressure of 15.9 atmospheres (using cane 
sugar); the broad and less rapid filaments 
of 0. curviceps and 0 . Frohlichii have a pres¬ 
sure of 19.1 and 16.6 atmospheres respec¬ 
tively. The conclusion was therefore put 
forth that velocity of translation is propor¬ 
tional to the osmotic pressure of the alga, 
and varies inversely with the diameter of 
the filament. Whether or not this state¬ 
ment will hold true, the evidence is quite 
convincing that the greater the osmotic 
pressure within the cells, the higher the 
concentration of solution in which the 
organisms can continue to move. 

It is worthy of note that no relation 
exists between length of filament and ve¬ 
locity of motion (Crozicr and Fcdcrighi, 
1914; Castle, 1916), though there has been 
a suggestion of some correlation between 
length and frequency of reversal. Krenner 
(19x5) claims that there is a minimum 
length below which movement docs not 
occur in each species. Thin species ( 0 . 
natans , 0. tenuis , 0. tenerrima ) with rela¬ 
tively high osmotic pressure arc held to 
be capable of movement if more than 16-11 
cells comprise the filament; in larger 
species ( 0 . princeps , 0 . Frohlichii) with 
lower osmotic pressure, a minimum of 
from 45-50 cells is required to permit 
movement. In the thiobacteria, the 
larger individuals were observed to move 


faster than the small ones (Crozier and 
Sticr, 1916). It was suggested by these 
authors that some relation may exist be¬ 
tween velocity and the surface/volume 
ratio in all these cases. 

Nutritive conditions appear to affect 
both growth and movement by a direct 
influence upon the elaboration of food 
materials and upon the preservation of 
equilibrium in the vital structures of the 
cell. The long forgotten opinion of Wolle 
(1887) that growth and movement in the 
Cyanophyceac arc identical is of course nbt 
strictly true, though the two are inti- 



Fio. 10. Mean Rates of Translatory Movement 

OF OsClLLATORIA FORMOSA AFTER IMMERSION 

for About 10 Hours in Culture 
Solutions of Different pH 
Each point represents the mean value for io fila¬ 
ments; all data arc taken from a single series repre¬ 
senting a typical experiment. Movement appears to 
be sustained in the region pH 6.4 to 9.5. 

mately interrelated. In an investigation 
of the optimum culture conditions for blue 
green algae, Maertens (1914) found that 
properly balanced proportions and concen¬ 
trations of dissolved salts and a slightly 
alkaline reaction are required. Directions 
for the preparation of culture media suit¬ 
able for the growth of Cyanophyceae may 
be found in the papers of Pringsheim (1913* 
1916), Maertens (1914), aQ d Kufferath 
(19x9). Statements in the literature con¬ 
cerning the deleterious effect of an acid 
environment appear to be correct, a nega¬ 
tive “chemotactic” response to acids hav- 
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ing been observed by Fechner (1915) and 
the lethal effect of acids having been noted 
by Schmid (192.3). In recent experiments 
with 0 . formosa , movement was found to 
be sustained in inorganic culture solutions 
within the range pH 6.4-9.5; above and 
below these limits inhibition of motion 
was marked (Burkholder, 1933). 

Many other phases of the subject remain 
practically untouched. For example, the 
analysis of movement under various condi¬ 
tions of 0 2 - and C 0 2 -tension; the effect of 
salts, and antagonism; orientation to light 
in relation to the absorption spectrum; 
the effect of organic nutrients; etc. Ccla- 
kowski (1898) reported movement of 
Oscillatoria in the absence of free oxygen 
and it has been suggested by Coupin (1911) 
that moisture and the oxygen tension arc 
of great importance but, as in the case of 
so many other factors bearing upon this 
problem, no quantitative data are as yet 
available. The author has found that 
movement in the light is enhanced by the 
presence of bicarbonates in solution, and 
that the phenomenon of antagonism is 
demonstrated by differential movement of 
Oscillatoria in single and mixed salt solu¬ 
tions (NaCl and CaCl 2 ) of proper concen¬ 
tration. Furthermore, the addition of 
small amounts of glucose to inorganic 
culture solutions was found to exert a 
positive effect upon the movement of 
Oscillatoria which had been kept continu¬ 
ously in the dark for several days. 

In controlled experiments, Schmid 
(19110) claimed that Oscillatoria exhibits 
neither hydrotropism, stcrcotropi^m, nor 
geotropism. The absence of gcotropic 
response had been reported earlier by Stahl 
(1884). The interesting behavior of cy- 
anophyceous colonies as units has been 
commented upon by several authors. For 
example. Prat (1915) found that the indi¬ 
vidual filaments tended to aggregate in 
lower concentrations of salts; in moder¬ 
ately concentrated solutions the filaments 


glided about separately. The experiments 
of Funk (192x5) with colonics of Oscillatoria 
in glass tubes showed that the filaments 
gather closely together at low tempera¬ 
tures or while under the influence of an 
electric current. Also the individuals 
tend to scatter in the light and cluster to¬ 
gether in the dark. Slight mechanical 
agitation is known to stimulate a more 
rapid rate of movement but if carried too 
far will depress activity of the organisms 
(Crozier and Federighi, 1914; Schmid, 
i 9 i 8 )- 

SUMMARY 

In the filamentous blue green algae, 
three types of movement have been recog¬ 
nized: linear translation, axial rotation, 
and oscillation. Linear translation ap¬ 
pears to be particularly well suited for 
study in relation to controlled variables 
which influence the direction and velocity 
of movement. Different authors have at 
various times ascribed the mechanism of 
movement to growth, the presence of cilia, 
osmotic currents, the excretion of gelatin¬ 
ous materials, modifications of the surface 
tension, and peristaltic contractility of the 
cells. Among the various species of Oscil¬ 
latoria the rate of linear progression 
appears to be related to the osmotic pres¬ 
sure of the cells and the diameter of the 
filaments. Other conditions being favor¬ 
able, the intensity and wave-length of the 
incident radiation are important in deter¬ 
mining the direction and perhaps also the 
speed of movement. Furthermore, the 
velocity of linear translation has been 
found to illustrate the Arrhenius law of 
temperature influence upon chemical reac¬ 
tions. Numerous investigations of move¬ 
ment in relation to different factors have 
provided interesting data, but as yet no 
satisfactory explanation of the mechanism 
has been offered. The history and present 
status of the problem have been reviewed 
m the hope that additional information 
may be made available in the future. 
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MICROBIOLOGICAL ACTIVITIES AT LOW TEMPERA¬ 
TURES WITH PARTICULAR REFERENCE TO 
MARINE BACTERIA 

By CLAUDE E. ZOBELL 

Scripps Institution of Oceanography , La Jolla , California 


A lthough it is frequently 
stated in the popular as well 
as in some scientific literature 
, that the ocean floor beyond 
the continental shelves is barren of bac¬ 
terial life, primarily due to the lack of 
food and the prevailing low temperature 
and high hydrostatic pressure, investi¬ 
gators have almost invariably demon¬ 
strated the presence of an abundant 
bacterial flora in bottom deposits wherever 
critical analytical procedures have been 
applied. In fact, there arc usually from 
ten to ten thousand times as many viable 
bacteria per gram of mud as there arc in a 
corresponding quantity of water in any 
superimposed strata. While nearly all of 
the studies on marine bacteria to date have 
been made in relatively shallow water 
near land, a few workers have recovered 
significant numbers of living microorgan¬ 
isms from mud collected at depths of a 
mile or more. However, the recovery of 
organisms from such depths is by no means 
incontrovertible proof that these organ¬ 
isms are biochemically active in such an 
environment, because they may be merely 
passive inhabitants which have settled 
from above and have been preserved by. 
the cold. 

Inasmuch as over four-fifths of the ocean 
floor exceeds one mile in depth and has a 
temperature colder than 3°C, it is of im¬ 
portance to know if bacteria and kindred 
microorganisms survive and if they are 
physiologically functional under such con¬ 


ditions. Our knowledge of the activities 
of bacteria in the sea is very fragmentary, 
but the few investigations which have 
been made indicate that bacteria probably 
play an important r 61 e in the sea. They 
themselves are consumed as food by many 
small marine animals and, also, by their 
activities they produce plant nutrients. 
They arc the responsible agents for many 
of the chemical and physico-chemical 
changes which occur in sea water or on 
the ocean bottom, and they may be of 
geological importance (cf. Bavendamm, 
1931; Benccke, 1933; Waksman, 1934). 

Experimental evidence indicates that for 
practical purposes the hydrostatic pressure 
of deep water is not inimical to microbial 
well-being. Tremendous pressures arc en¬ 
countered on the sea bottom but bacteria 
have been shown to tolerate far greater 
pressures than occur even in the most 
abyssal depths. Chlopin and Tammann 
(1903) found that pressures up to about 
1900 atmospheres, or approximately three 
times that found in the ocean, failed to 
harm bacteria, yeasts or molds, although 
individual organisms differed greatly in 
their susceptibilities to higher pressures. 
In the experiments of Larsen, Hartzell, 
and Diehl (1918), non-spore-formers sur¬ 
vived at 3000 to 6000 atmospheres and 
then, at these pressures, compressed gases, 
such as carbon dioxide, or the sudden 
release of pressure were found to be more 
detrimental than pressure itself. The 
actual recovery of bacteria by Ccrtes 
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(1884), an ^ recently by Carey and Waks- 
man (1934), from depths near 3000 meters 
proves that neither the pressure encount¬ 
ered (approximately 500 atmospheres) nor 
its release, effected by bringing the mud 
samples to the surface, injures the viability 
of the microbes. 

BACTERIAL RESISTANCE TO COLD 

While modern methods of food preserva¬ 
tion arc based upon the principle that 
refrigeration prevents or materially retards 
microbiological activity, it has been recog¬ 
nized for a long time that sub-zero tem¬ 
peratures do not necessarily kill bacteria. 
According to evidence reviewed by Hampil 
(1931) Eberthella typhi survived —153 0 , 
and Vibrio cholerae survived —183°C, for 
7 days; Corynebacterium diphtheriae survived 
— i9o°C for 10 days, and Gonococcus lived 
after 14 hours at — i95°C. As a general 
rule, water and soil microbes are more 
cold-tolerant than these delicate patho¬ 
gens. In the opinion of Keith (1913) 
freezing does not harm bacteria unless 
they arc mechanically injured by ice 
crystals, but on the contrary low tem¬ 
peratures actually favor bacterial lon¬ 
gevity by diminishing destructive me¬ 
tabolism. In fact, recent work indicates 
that in the case of at least certain bacteria, 
life may linger until absolute zero 
(—273°C) is reached, since some arc un¬ 
harmed by cooling to—151°, the tempera¬ 
ture of liquid hydrogen. 

McLean (1918) has described four species 
of bacteria which he isolated from the 
ice, snow, and frozen algae of Antarctica 
in locations where possibilities of air¬ 
borne contamination are most remote. 
Here the mean annual temperature is 
about — 2jo°C, and temperatures as low 
as — 6o° are not uncommon. He believes 
that some bacteria actually prefer to grow 
in ice where they learn to live within the 
liquid sludge of cryohydfates which cir- 
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eulates between the crystals of ice. 
Issatchcnko (1914) has reported finding 
a rich, varied, and vigorously active bac¬ 
terial flora in the glacial Arctic. At the 
present time Paul A. Siplc, biologist of 
the Byrd Antarctic Expedition II, is 
making observations on the distribution 
of bacteria in the air, ice, water, mud and 
animal life of the South Polar regions. 

BACTERIAL GROWTH AT LOW TEMPERATURES 

Granting that bacteria are not killed by 
cold, to what extent arc they functional 
at the near-zero temperatures typical 
of oceanic abysses? While investigating 
the effects of storage on the multi¬ 
plication of bacteria in water samples, 
Ellison, Hackler and Buice (1932.) ob¬ 
served that bacteria continue to multiply 
in iced samples. Similar studies con¬ 
ducted by ZoBcll and Feltham (1934) 
showed that samples of sea water held at 
near o°C for a few hours exhibited an in¬ 
crease in the total number of bacteria 
present, although there was a decrease in 
the number of predominating species, 
probably due to the selective action of the 
colder temperatures. The same investi¬ 
gators later noted a twofold increase in 
the bacterial population of mud samples 
after storage at near o°C for three weeks. 
Fischer (1888) described fourteen different 
species of bacteria from water and soil of 
Kiel harbor which were capable of grow¬ 
ing at o°C. Conn (1914) has shown that, 
while many factors are involved in the 
increased bacterial counts of frozen soil, 
the facts indicate an actual growth of the 
bacteria therein. 

Further evidence of the multiplication 
of bacteria at low temperatures is 
furnished by Damon and Lciter (1917) 
who point out that there is a real danger 
of human intoxication from certain mem¬ 
bers of the Salmonella group which can 
multiply in frozen foods. The literature 



THE QUARTERLY REVIEW OF BIOLOGY 


461 

is replete with accounts of bacteria which 
grow in foodstuffs at temperatures ranging 
from a few degrees below zero to a few 
degrees above. Although milk at o°C 
is a mass of floating ice crystals Pennington 
(1908) noted that bacteria continue to 
reproduce extensively in the serum. Pres¬ 
cott, Hale and White (1931) have reported 
that the disagreeable odors and slimy 
coatings on beef in cold storage are pro¬ 
duced by microorganisms which grow 
readily at temperatures only slightly above 
the freezing point. Rcdfort (1932.) ob¬ 
served the multiplication of bacteria on 
fish stored at — ii°C after 16 months. 

When long periods of time are required 
before multiplication starts, adaptation of 
the bacteria to the lower temperatures may 
be taking place. Such acclimatization 
to temperatures assumed to be inhibitivc 
has been reported by Prescott and Bates 
(1931). According to Kluyver and Baars 
(1931) most bacteria in nature arc “pluri- 
potent” or readily adaptable to un¬ 
favorable environmental conditions. As 
one example they mention Vibrio thermo - 
desulfuricans (Elion) which is normally 
characterized by its thermophilic (50 0 - 
6o°C) requirements but which can be easily 
acclimatized to much colder temperatures 
and in so doing becomes indistinguish¬ 
able from V. desulfuricans (Beijerinck). 
Another manifestation of adaptation is 
recorded by Waksman (1919) who quotes 
Mischustin as showing that bacteria iso¬ 
lated from soils of colder climates are 
capable of growing at lower temperatures 
than those from warmer climates. 

In their excellent contribution to the 
question of the minimum temperature 
for bacterial multiplication, Horowitz- 
Wlassowa and Grinberg (1933) concluded 
that the number of microbes which will 
reproduce at — 4* to — 7°C is appreciable. 
They examined about 75 organisms in¬ 
cluding many common bacilli, cocci, 


yeasts and molds, most of which they 
found would grow at o° to — 7°C. In 
some cases it required as long as 136 days 
for growth to become perceptible, al¬ 
though a few microorganisms exhibited 
good growth in a week at — 3 0 to — 7°C. 

Many marine bacteria have been de¬ 
scribed which continue to be active at 
sub-zero temperatures. Forster (1887) 
isolated a photogenic species from lumi¬ 
nescent fish which reproduced at o°C, and 
later (1891) he found that bacteria which , 
will grow at low temperatures arc quite 
widely distributed in water and soil. 
Zirpolo (192.9) who has extensively 
studied the physiology of biolumincsccnce 
found that Pseudomonas fierantonii grew 
readily at — 4°C although the optimum 
temperature for multiplication and light 
production was around 33°C. This bac¬ 
terium was not killed nor was lumi¬ 
nescence prevented at a temperature of 

— i92.°C produced with liquid air. 

In Bedford’s (1933a) comprehensive in¬ 
vestigations on the temperature range of 
growth of marine bacteria, all except six 
of the 71 different species which he ex¬ 
amined grew at o°C or below in 136 days, 
after which time the experiment was 
terminated. Ten of the bacteria had multi¬ 
plied at —7.5 0 and 11 others at — 5°C. 
Lower temperatures were tried but not 
successfully because at — io° the frozen 
media crystallized to such an extent that 
results were obliterated. 

While no efforts have yet been made at 
the Scripps Institution to ascertain the 
lowest temperature at which multiplica¬ 
tion occurs, work in our laboratory shows 
that the majority of the bacteria isolated 
from the sea reproduce freely at o° to 

— 4°C. A total of 88 different species 
of marine bacteria isolated from bottom 
deposits or sea water have been observed, 
and all except n of them have shown 
evidence of growth after three months’ 
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incubation at this temperature. Some of 
them, one the etiological agent of a fish 
disease (Wells and ZoBcll, 1934), produce 
a perceptible turbidity in appropriate sea 
water broth after 7 days at — i°C. In 
another series of experiments on mud 
samples collected at a depth of 1300 
meters where the temperature was 6°C, 
similar dilutions were plated on nutrient 
agar and incubated at temperatures rang¬ 
ing from — 4 0 to 15°C. After 4 days* 
incubation the average count for those 
held at 15° was 49,000 bacteria per gram 
of mud, 41,000 for those held at 18 0 , 
and those at — 4 0 showed no macroscopi- 
cally visible colonies. At the end of a 
week counts on the 15° series became un¬ 
reliable due to merging of rapidly growing 
colonies, the 18 0 series had increased to an 
average of 46,000, and the — 4 0 series 
showed 8,000 colonies per gram of mud. 
The — 4 0 series gave an average count in 
two weeks of 2.1,000 and in four weeks of 
19,000 while, the colonics were slowly in¬ 
creasing in size and in pigment intensity. 

The evidence seems conclusive that a 
large proportion of the bacteria isolated 
from the sea can grow at the lowest tem¬ 
peratures found in the depths of the ocean. 
Furthermore, most marine bacteria are 
more or less eurythermic, or capable of 
growing over a broad range of tempera¬ 
tures (from approximately 30° down to 
such a temperature that the physical 
constitution of the substrata becomes 
unfit for their continued metabolism). 
The majority of the marine bacteria ob¬ 
served by Bedford (1933a) had a tempera¬ 
ture range of growth from — 5 0 to 30° or 
37°C. It is of interest to note that for 
most marine bacteria on which informa¬ 
tion is available their optimum tempera¬ 
ture is very near their maximum, and 
considerably higher than their minimum. 
For non-sporc-formers the lethal tempera¬ 
ture is only a few degrees higher than the 


maximum at which they grow. This is 
illustrated by Acbromobactcr tchthyodermts 
described by Wells and ZoBcll (1934) 
which, following primary isolation, 
grows at — i°C or perhaps lower; its opti¬ 
mum is about 15°; its maximum 30°; and 
31° is lethal. 

BIOCHEMICAL ACTIVITIES OF BACTERIA AT LOW 
TEMPERATURES 

Although many bacteria reproduce 
freely at sub-zero temperatures, in the ex¬ 
perience of Horowitz-Wlassowa and Grin- 
berg (1933) demonstrable biochemical 
activities are at a low ebb and the psy- 
chrophilcs are very feebly proteolytic and 
lipolytic at temperatures below o°C. Un¬ 
fortunately, there is little information 
available on the minimum temperatures 
for enzymatic activity. However, it is 
quite probable that, in general, enzyme 
action is not entirely suspended until all 
interstitial water is removed by its 
solidification due to freezing. The work 
of Talyract (1901), Glage (1901), and 
many others proves that proteolytic 
enzymes elaborated by bacteria arc defi¬ 
nitely functional at sub-zero temperatures, 
in some cases as cold as — 9°C, as mani¬ 
fested by the spoilage of refrigerated 
foodstuffs. Sanborn (1930) has described 
several marine bacteria responsible for the 
decomposition of fish in cold storage, some 
of which vigorously continue their proteo¬ 
lytic activities at — 5°C. It was the 
opinion of Browne (1917) that autolysis 
rather than bacterial action plays the most 
important part in the initial stage of fish 
decomposition during storage in ice but, 
regardless of the source of the enzyme, 
proteolysis was relatively rapid near o°C. 
Bedford (1933b) has shown that the de¬ 
composition and red discoloration of re¬ 
frigerated halibut is due to marine chro- 
mogenic bacteria which are functional at 
o° to — 5°C and perhaps at lower tem- 
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peratures. Evidence is recorded by 
Rubentschik (1915) of bacteria from the 
Odessa limans which multiply freely, 
liquefy gelatin and form ammonia at 
temperatures ranging from — x° to o°C. 
He described two new species, Urosarcina 
psychrocartmca and Urobactllus psychro- 
cartericus , which split urea at —1.15 0 to 
—i.5o°C. Berry (1934) has noted the 
multiplication of yeasts and their fermen¬ 
tation of sugars at —i.i°C. 

During the last year the writer has ob¬ 
served several types of biochemical proc¬ 
esses which are activated by marine bac¬ 
teria incubated at from o° to — i°C. 
Among these physiological activities may 
be mentioned the liberation of ammonia 
from peptones, the decomposition of urea, 
the liquefaction of gelatin, the fermenta¬ 
tion of glucose, the hydrolysis of starch, 
and the oxidation of ammonium to ni¬ 
trites. The latter reaction required 17 
weeks before it became certain that 
nitrification was occurring, although large 
inocula of active nitrifiers were used. 
In general, the endothermic nitrogenous 
reactions arc comparatively slower at the 
low temperatures than arc the exothermic 
hydrolytic processes. While in all cases 
the speed of the reactions is extremely 
slow, there is an obvious acceleration 
after the first few weeks of incubation, 
probably due to adaptation of the bacteria 
to the cold. 

In view of the foregoing information it 
seems both safe and logical to assume 
that, as far as the temperature is con¬ 
cerned, bacteria can multiply and activate 
biochemical changes in the coldest waters 
of the ocean. Many species of marine 
bacteria have been found to be active at 
temperatures even colder than the freezing 
point of sea water (—1.9 0 at a salinity of 
35 per thousand}. Microbiological ac¬ 
tivity may be quite appreciable on the 
ocean floor .because the temperature of a 


large proportion of the latter ranges from 
i° to 3°C., several degrees warmer than 
the known temperature at which many 
bacteria have been shown to be functional. 
While the action of bacteria may be very 
slow at near-zero or sub-zero temperatures, 
the total results may be of vast significance 
in the ocean because of the almost un¬ 
limited time and the relative slowness of 
other processes which are taking place 
concurrently. For example, the rates of 
many geological processes are far too slow 
to be measurable, but the accrued results 
from thousands or millions of years* 
activity arc stupendous. Furthermore, in 
the case of the bacteria it is possible and 
quite probable that those which inhabit 
the abyssal depths have adjusted them¬ 
selves so that they arc far more efficient 
than they seem to be under artificial 
laboratory conditions. Such adaptation 
to environmental conditions is more or less 
universal in the plant as well as the animal 
kingdoms. However, exact knowledge as 
to what extent bacteria and related micro¬ 
organisms are of importance on the ocean 
floor must await additional information 
concerning the nutritional, physico-chem¬ 
ical, and biological conditions which 
exist there. 

Certainly the speculations of some 
writers that the organic matter which 
sinks to the deep ocean floor is there per¬ 
manently preserved from decomposition by 
bacteria is not tenable with the known 
facts. It is doubtful if the dead bodies of 
either plants or animals are acted upon 
extensively by bacteria before the former 
* are devoured by the scavengers of the sea. 
It must be recognized, though, that there 
would be many waste products which 
are unfit as food for animals, and it is 
primarily these waste products which, 
constantly raining from above, must be 
transformed by bacteria into something 
useful. Otherwise, there would be a con- 
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tinual drain on the elements essential to 
protoplasm which would eventually upset 
the balance in nature. It is probably on 
the sea bottom that these waste products 
are transformed by bacteria into plant 


nutrients or converted into bacterial cells 
which are in turn eaten by animals. Thus, 
the cycle of life in the sea is maintained 
in spite of high hydrostatic pressure or 
low temperatures. 
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BRIEF NOTICES 


EVOLUTION 

This Progress . The Tragedy of Evolution. 

By Bernard Acworth. Rich and Cow an , 

London. 7s.6d. net. 7I x 4$; 334; 1934. 
Captain Acworth of the British Navy, 
author of The Navy and the Next War and 
Navies of To-day and To-morrow , not liking 
the present trends in politics, economics, 
engineering, industry, society, science, 
religion, or what have you, and attribut¬ 
ing these tendencies to the influence of the 
evolutionary viewpoint, proves to his own 
satisfaction that evolution never occurred, 
that God created each species ad hoc sub¬ 
stantially as described in the book of 
Genesis. 

In his rather cavalier treatment of the 
geological evidences of evolution his prin¬ 
cipal authorities arc Sedgwick, who died 
in 1873, and Dawson, who died in 1899. 
Captain Acworth, with his passion for 
the Absolute, would no doubt reply that 
the date when a scientist reaches a conclu¬ 
sion bears no relevance to its truth, that 
truth is the same yesterday, to-day and 
forever. But the conclusions of a scientist 
at any given date must be based on the 
evidence then available; if new evidence is 
discovered the old conclusion may have to 
be changed. The argument from the geo¬ 
logical evidence is not merely ‘‘that be¬ 
cause man appeared after fish he is there¬ 
fore descended from fish** but that there is 
a graded series of fossil and living forms 
from fish to man and that as more and 
more fossils are discovered the gaps in the 
series are more and more completely filled. 
There is of course no question of proving 
past evolution in the same sense that we 


prove the existence of Julius Caesar. But 
there is an equal lack of historical testi¬ 
mony to special creation. If no one saw 
the evolution of reptiles into mammals, it 
is equally true that no one has seen God 
create a species. The authors of the 
accounts on which Genesis is based do not 
claim to have been present at the creation. 
On the other hand, as Conklin points out 
in his recent Penrose lecture. 

Nearly a score of new species of plants, having 
all the characteristics of true Linnaean species, have 
been artificially produced by hybridization or oper¬ 
ations under experimental conditions with consequent 
changes in chromosome numbers and associations. 
These new species are fertile inter se, but arc sometimes 
sterile when crossed with cither one or both of the 
parent species, thus fulfilling the strictest definition 
of true species as laid down by many systematists. 

Wc have thus definite evidence for experi¬ 
mental production of new species. 

Many of Captain Acworth s arguments, 
such as his repeated statement that Mendel 
disproved natural selection, are no doubt 
attributable to misunderstanding of a sub¬ 
ject with which he is not familiar. How¬ 
ever, in other passages his tone is that of a 
barrister determined to convince the jury 
at all costs. Wc fear that he belongs in 
the same category as Bishop Wilbcrforce, 
“a man of restless and versatile intellect, 
who, not content with success in his own 
sphere of activity, plunges into scientific 
questions, with which he has no real 
acquaintance, only to obscure them by an 
aimless rhetoric, and distract the attention 
of his hearers from the real point at issue 
by eloquent digressions and skilled appeals 
to religious prejudice.” 
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Thb Men Beyond Mankind. A Study of 
the Next Step in Personal and Social Evolution . 

By Fritz. Kunz . Rider and Co. f London . 

j shillings net. 7J x 5J; 156; no date. 
For a delightful, billowy ride the good 
ship Evolution takes wings of the lightest 
philosophical fabric. As it is with thco- 
sophical thinking, the hard won theories 
of science are spun out and stretched to 
make a bridge that reaches from the inner¬ 
most of man to the limits of the imagin¬ 
able. 

The style is straightforward, simple, and 
sincere, making delightful the clever 
characterizations of our typical social and 
mental absurdities. If one were not in¬ 
clined at times to stop and look for the 
parting of fact and fancy the excursion 
would be perfect, for the thesis is that 
there is no parting and all is unity. 

We learn that we arc in the fifth phase 
of human evolution, the intellectual phase, 
characterized by the accomplishments of 
the Aryan race. The next, the sixth evo¬ 
lutionary billow of humanity, is destined 
to come from a fusion of races in America, 
Australia or New Zealand. If these coun¬ 
tries fail by misguided leadership Russia 
is the reserve selection of nature to fulfill 
the initiation of the age of intuitive 
brotherhood. Stupid social and economic 
systems as typified by our legal and finan¬ 
cial organizations, will have been sloughed 
off, and the leisure gained by the elimina¬ 
tion of economic cruelty will allow com¬ 
pletion of the arts, scientific knowledge, 
and theosophy. We venture the corollanr 
that the moiling types of mankind will 
have lone since died out from sheer bore¬ 
dom. The author points out that we can 
already sec a terrible ennui affecting many 
young people who have leisure without 
intellectual development. We quote: (pp. 
115-116). 

“The world will then be a place of beauty, filled 
with people who have a desire to learn, and not a 
crass democracy where everyone thinks himself 
theoretically as good as his fellow, and, in fact, 
just a little better.** And again: “There are some 
seven groups of ductless glands altogether, represent¬ 
ing the jeven aspects of nature. Hence, all the other 
worlds are partially focused in the ductless glands, 
from the higher point of view, if not from the doctor's 
point of view.** 

This is partly to say that there are seven 
phases to human evolution. The seventh 


phase is the spiritual realm of free souls 
and the grandeur of that area has not vet 
been completely imagined for mankind is 
only far enough advanced to dimly visual¬ 
ize the sixth area and is still confronted 
with the task of making that evolve. 
We are in the so-called trap of free will and 
cannot refrain from being conscious, so 
why hinder the progress of the coming 
epoch when all true knowledge will help 
toward its timely flowering? 



Pour et Contre lb Transformisme. 
Darwin-Vialltton . 

By A. Mi&noti. Masson et Cie, Paris. 50 

francs. 9 x $$; 511; no date (paper). 
The title of this book clearly reveals the 
object of the author: a comparison of Dar¬ 
win’s theory with that of the late Profes¬ 
sor Vialleton. The latter in an attempt 
to base his theory only on paleontologic 
and embryologic evidence admits an evolu¬ 
tion of species but denies transformism. 
This viewpoint is based essentially on the 
following considerations: (1) transitional 
species have not been discovered; Archeop- 
teryx for example, he states, is a bird and 
nothing but that; (i) the earliest example 
of some species is organically more com¬ 
plex than the descendants now existing; 
(3) the homology of certain organs and 
ontogenesis cannot be associated with 
phylogenesis. Vialleton’s belief is that 
each species springs forth in some geologic 
epoch, fully armed like Minerva, to 
evolve, decline and die. The time of its 
“birth” and form of evolution is depend¬ 
ent on an unspecified “action intelligente.” 

The author, in a manner deserving great 
praise, presents fully the elements of Doth 
theories placing well in relief their weak¬ 
nesses. He proceeds also to level criticism 
at some neo-Lamarckians and at the genet- 
‘ icists who are advocates of the mutation 
theory. For him, the theory of the former 
is a scientific credo based on affirmations, 
and not facts, the latter have accomplished 
nothing because so far “la mouche droso- 
phile, pour torturie qu'clle soit, demeure 
une mouche. ’ ’ Still it is from the labora¬ 
tories that he hopes for future enlighten¬ 
ment. 
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A book unreservedly recommended for 
all those who firmly believe in some theory 
of evolution. 



Early Forerunners of Man. A Morph¬ 
ological Study of the Evolutionary Origin of 
the Primates . 

By W. E. Le Gros Clark . William Wood 

and Co , 9 Baltimore . $5.00. 10 x 6f; 

xvi + 2.96; 1934. 

The author believes that the most profit¬ 
able method of determining the line of 
evolution which culminated in man is in 
studying, in proper perspective, the evolu¬ 
tionary development of the whole group 
of primates. Thus can be noted the 
“trends of evolutionary development 
which became manifested in the early gen¬ 
eralized Primates, and by following them 
up, recognize which particular trends led 
to the line of evolution which culminated 
in Man.** In this volume will be found a 
comprehensive survey of the results of 
studies in comparative anatomy and palae¬ 
ontology of members of the primate group 
arranged under such headings as: The 
evidence of the skull, the evidence of the 
teeth, the evidence of the brain, etc. 
There are also sections on the relation of 
the tree shrews to the primates, and on the 
distribution in space and time, and evolu¬ 
tionary radiations of the primates. In the 
latter chapter is emphasized the impor¬ 
tance of recognizing the principle of ortho¬ 
genesis in any philosophical study of the 
evolution of tne human race. The in¬ 
vestigator will find this discussion of the 
early forerunners of man particularly use¬ 
ful m pointing out the gaps where future 
studies should be made. The book is well 
illustrated and documented and contains 
an index. 



The Missing Link. Studies in Genesis . 

By Spencer H. Elliott . Group Publications , 
London . is. 6d. net. 6$ x 4; 143; 1934. 
The curious thing about the title of tnis 
book is that comparatively little is said in 
the book itself about the Missing Link. 
The “Genesis** of the subtitle is the first 


book of the Old Testament, not the phylo¬ 
genesis of the biologists. For the most 
art Canon Elliott is concerned with 
rawing moral and spiritual lessons in the 
usual clerical manner from the stories of 
Adam and Eve et aL However, in the 
first chapter he does consider evolution 
briefly and concludes that mankind has 

2 twofold origin. On the physical side we may trace 
back our descent through the various stages of life 
to the dust of the ground from which we were formed; 
and we may have to admit that we have kinship 
with the ape, although we are not descended from 
him. But we have another pedigree which no ape 
can share—the human spirit which we trace back to 
God, Who breathed into mankind that which makes 
a man a living soul. 

This, he considers, is proved by the 
greater mental endowment of man. ‘ ‘The 
child of two, counting his toes, has al¬ 
ready proved himself to belong to a differ¬ 
ent order from that of the chimpanzee.*’ 
Yet the child of two has developed with¬ 
out any discontinuity from the child of 
two weeks, who certainly shows no higher 
mental capacity than the chimpanzee. 
May not phylogenetic mental development 
have followed a similar continuous course? 



The Dinosaurs. A Short History of a Great 
Group of Extinct Reptiles . 

By W. E. Swinton. Thomas Murky and 
Co . 9 London. 15 shillings net. 8§ x 5J; 
xii + X33 + 15 plates; 1934. 

Probably few Americans outside of the 
scientific group arc aware that the region 
extending from Colorado and Utah north 
through Red Deer River and Edmonton 
areas of Canada has contributed the most 
important finds as well as the most numer¬ 
ous specimens of dinosaurs. The writer 
of this book, an authority on dinosaurs, is 
on the staff of the Natural History Section 
of the British Museum. He gives to the 
general reader a well rounded picture of all 
that exploration and research have con¬ 
tributed concerning these ancient reptiles. 
Even a chapter on disease is included. 
The numerous illustrations throughout 
the volume arc well chosen. Each section 
concludes with a bibliography and in the 
two appendices arc given (a) a list of 
British dinosaurs including author, hori- 
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zon, locality, reference and type specimen; 
and (b) a glossary and notes. Tncre is a 
detailed index. 



Thb Construction of Man’s Family 
Tree. 

By Sir Arthur Keith . Watts and Co ., 

London . i shilling net. x 4!; vi + 
1 934 - 

In this little book Sir Arthur Keith traces 
the history of the various family trees by 
which zoologists since Haeckel have re¬ 
constructed the ancestry of man. He con¬ 
cludes that in broad outline Haeckel’s 
schcmatization has been borne out by later 
discoveries of fossil primates, that the 
resemblances between man and the great 
anthropoids are more reasonably explained 
by the descent of man from a common 
anthropoid stock than by convergent evo¬ 
lution, and that Klaatsch’s theory that 
the anthropoids are degenerate forms of 
humanity runs counter to the geological 
record. 



GENETICS 

Environment and Growth. 

By Barkev S. Sanders . Warwick and York , 
Inc . 9 Baltimore . $4.00 + postage. 9 x 

5J; xviii+ 375; 1934. 

This painstaking study shows, in the 
author’s opinion, 

that the deductions of the Pearson School from cor¬ 
relation studies are untenable, not merely in respect 
of growth but in all other spheres where an attempt 
has been made to evaluate the contribution of heredity 
on environment through this methodology without 
the use of other correctives. 

Furthermore the author tells us that: 

The present study was therefore undertaken for the 
sake of a more intensive and extensive analysis of the 
evidence bearing on the relative contributions of 
heredity and environment to physical growth and 
development, and a more rigid determination of the 
tenability of the deductions from correlation studies. 
The organised data presented in the subsequent pages 
do not sustain the claims of extreme hereditarianism, 
more specifically the deductions of the Pearson School 
which deny the importance of milieu on ontogenetic 
trait*. 


These arc strong words, and Professor 
Pearson is a considerable person, who has 
collected and analyzed probably more 
quantitative data pertinent to the problem 
of nature and nurture than any other per¬ 
son who has ever lived. It is not unrea¬ 
sonable, therefore, to examine the basis 
upon which rests Dr. Sanders’ alleged 
demolition of the structure so laboriously 
reared by Pearson and his co-workers over 
a long span of years. Are new and more 
pertinent observational data brought into 
the arena by Dr. Sanders? The answer is 

no. He has collected no new observa¬ 
tions. Has he discovered a new and more' 
potent method of analysis? Again the 
answer is no. 

All that he has done is (1) to criticise 
the logic of biometric technique (in the 
first chapter) on grounds and in a manner 
that we fancy Prof. Pearson could make 
very fine hash indeed of, if he felt it desir¬ 
able to take the trouble to do so. (i) To 
review at length the biological literature 
(in Chapter 2.) that supports the somewhat 
trite platitude that heredity and environ¬ 
ment are inseparable relative to living 
organisms, each playing a r 61 e in the 
determination of every characteristic of 
every organism. Incidentally we suspect 
that there lives no biometrician so dumb 
as not to be aware of this. As might be 
expected the author finds the idea that 
acquired characters may be transmitted to 
the progeny a seductive one. (3) To 
review at great length an enormous body 
of literature (in the next five chapters) on 
the general subject of differential growth 
in relation to environment. A final 
chapter sums up the author’s conclusions. 
An indexed bibliography of 65 pages close- 
set in 8-point type, and a subject index 
complete the volume. 

The book has two merits. The first is 
the author’s insistence, reiterated again 
and again throughout the book, on the 
* importance of more and more penetrating 
investigations of the specific effects of pre¬ 
cisely defined environmental variables 
upon the human organism, rather than 
general studies of “heredity versus environ¬ 
ment.” By any technique now conceived 

of, these latter studies will never convince 
anyone except their protagonists, the 
boys who did them, on one side or the 
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other. Dr. Sanders* second significant 
contribution is his bibliography, and the 
annotations on it, whicn is, in effect, 
what the text of his Part II is. This 
bibliography will make the book a valu¬ 
able reference book for a long time to 
come. 

The book is very well produced, and the 
publisher deserves all praise for undertak¬ 
ing so tremendously expensive an enter¬ 
prise in times like these. 



The Chances of Morbid Inheritance. 
Edited by C. P. Blacker. William Wood 
and Co., Baltimore. $5.00. x 5^; xi 
+ 449 + 3 plates + 3 folding charts; 
I 934- 

This symposium on various disease forms 
which directly or indirectly are supposed 
or known to be inherited is written espe¬ 
cially for the physician faced by the prob¬ 
lem of advising his patients on whether 
they should have children. The diseases 
discussed are: nervous disorders and epi¬ 
lepsy (W. Russell Brain), mental disorders 
(A. J. Lewis), mental deficiency (H. 
Herd), disorders of the eye (Stewart Duke- 
Elder) and of the ear (E. J. McCann), 
asthma and other allergic diseases (G. W. 
Bray), blood (L. J. Witts), cardio-vascular 
(M. Campbell), renal (A. A. Osman), 
skin (L. Forman), gastro-intestinal (M. 
E. Shaw), cretinism and goitre (H. Gard- 
ncr-Hill), diabetes mellitus and glycosuria 
(R. D. Lawrence), tuberculosis (E. R. 
Boland), neoplastic diseases (A. Piney), 
congenital abnormality of the skeleton 
(H. A. Harris). Included are also a very 

f ood chapter on genetic principles by R. 

uggles Gates ana one on the analysis of 
pedigrees by L. Hogbcn. 

Although not all the subjects have been 
well treated, some omitting the results of 
the more recent studies, still it must be 
said that this represents a very useful con¬ 
tribution . Outstanding and praiseworthy 
is the fact that the evidence is presented 
objectively without drawing unwarranted 
conclusions or attempting to inject eu¬ 
genics propaganda. 

There is a glossary of genetic and psy¬ 


chiatric terms and an index of nine pages. 
The references arc at the end of each 
chapter. 



L’fivoLUTioN. Adaptations et Muta¬ 
tions. Berceaux et Migrations . Actualitis 
Scientifiques et Industrielles 47. La Pali- 
ontologie et les Grands Problimes de la Biologie 
Ginirale . 

By Charles Fraipont and Suzanne Leclerq . 

Hermann et Cie , Paris . 10 x 6|; 38; 1931 

(paper). 

Adaptations et Mutations. Position du 
Probleme. Actualitis Scientifiques et Indus¬ 
trielles 48. La Paliontologie et les Grands 
Problimes de la Biologie Ginirale. 

By C. Fraipont. Hermann et Cie , Paris. 

6 francs. 10 x 6£; z6; 1931 (paper). 
These are the first two of a scries of five 
brief monographs by Prof. C. Fraipont and 
associates in which they discuss different 
aspects of organic evolution and review 
the evidence which favors a more or less 
modified Lamarckism as against the muta¬ 
tion theory. 

In the first, the authors summarize 
Rosa*s Ologenesis theory and accept the 
latter’s assertion that each species appears 
for the first time simultaneously in all 
parts of the globe where conditions permit 
its existence. It is only after the species 
has passed its maturity and is dying that 
it is gradually restricted to a smaller area. 
The authors present maps to show the 
extent of the habitat of different species as 
it appears from the earlier geologic record 
and its reduction in later periods or at 
present. There is no necessity, conclude 
the authors, to seek a place of origin for 
the species nor to set up imagined reasons 
for mass migrations, etc. 

In the second, the Lamarckian principle 
of gradual adaptation is reaffirmed and the 
author heatedly denies the value of the 
negative laboratory experiments as proof 
against the theory. 

Is this a true revival of Lamarckism at 
the hands of paleontologists who have 
always been partial to it or is it the last 
flicker of life from old French “die-hards?" 
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Racing Capacity in the Thoroughbred 
Horse. Part I—The Measure of Racing 
Capacity . Part II—The Inheritance of Racing 
Capacity. Carnegie Institution of Washing¬ 
ton, Supplementary Publications No. 7. 

By Harry H. Laughlin. Carnegie Institu¬ 
tion of Washington, D . C. 50 cents. 9$ x 
6J; 16; 1934 (paper). 

Two empirical formulas are discussed; one 
for determining an index of racing capacity 
of an individual horse in terms or age, sex, 
weights carried, distances run, and speeds 
attained; the other, for determining an 
index of the most probable racing capacity 
of an individual horse in terms of the rac¬ 
ing capacities of its direct and collateral 
near-kin. In the derivation of both for¬ 
mulas, as has always been the case in at¬ 
tempts to develop single indexes designed 
to represent complex functional abilities, 
it was necessary to assign arbitrary 
weights for the proportional influence of 
different variables. Whether or not all 
of the important variables were con¬ 
sidered, and whether or not approximately 
correct weightings were given, obviously, 
can be known only after the indexes have 
been used very extensively. It may be 
presumed, however, that the really im¬ 
portant variables were included and that a 
reasonably satisfactory weighting or stres¬ 
sing of each has been obtained. Unfor¬ 
tunately the observational data on which 
the study was based are not included and 
only the most superficial information is 
given of the analytical methods used. 



Embryology and Genetics. 

By Thomas H. Morgan. Columbia Uni¬ 
versity Press, New York. $3.00. 8J x 5§; 
vii + *58; 1934. 

Professor Morgan has resorted to several 
kinds of simplification in order to make 
his survey of experimental embryology and 
developmental genetics into a stimulating 
textbook for college and medical school 
students and for others in search of an up- 
to-date and authoritative introduction to 
these subjects. His aim has been to illus¬ 
trate the principles underlying devel¬ 
opment rather than to describe the 
embryology of individual types in detail, 
and to make the reader attentive to the 


logical implications of the data of obser¬ 
vation ana experiment. Verbal explan¬ 
ations have been replaced whenever possible 
by illustrations, and bibliographic refer¬ 
ences have been omitted from the text. 
There is a selected bibliography in the 
back of the book, however, and an index. 



GENERAL BIOLOGY 

Studies of the Waters on the Conti¬ 
nental Shelf, Cape Cod to Chesapeake 
Bay. I. The Cycle of Temperature. Papers 
in Physical Oceanography and Meteorology, 
published by the Massachusetts Institute of 
Technology and Woods Hole Oceanographic 
Institution, Vol. II, No. 4. Contribution 
No. 34 from the Woods Hole Oceanographic 
Institution. 

By Henry B. Bigelow. Woods Hole Oceano¬ 
graphic Institution, Woods Hole, Mass. 

$1.00. 11 x 8£; 135; 1933 (paper). 

This paper is a continuation of studies on 
the thermal status of the waters over the 
off-shore part of the continental shelf, 
begun in 1913 by the U. S. Bureau of 
Fisheries and Museum of Comparative 
Zoology. Cruises for the collection of 
temperature readings were made during 
several months of the year from 192:7 to 
19321. Results arc given in tables and 
graphically in the form of thermal contour 
lines on outline maps. The author may be 
commended for a clear-cut and concise 
report of basic data of first order impor¬ 
tance. 



The Teaching of Biology. 

By William E. Cole. D. Appleton-Century 
Co., New York. $l.oo. 7f x 5; xiv + 
151; 1934. 

This book deals with the teaching of 
biology as a unified subject, that being the 
accepted organization for the secondary 
school. The treatment is from the imme¬ 
diate viewpoint of the teacher, in simple 
and interesting language, and the treat¬ 
ment is thoroughly modern in the light of 
educational theory and practice. Fea¬ 
tures of practical importance are: Hie 
abundance of suggested teaching aids; 
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equipment, use and arrangement of labora¬ 
tories; and appendices including a classified 
bibliography, a list of outstanding maga¬ 
zines of science, addresses of scientific 
supply houses, and forms for survey blanks 
for a number of local problems in biology. 
There is a brief but adequate index. The 
treatment of the subject as a whole will be 
especially helpful to anyone interested in 
the teaching of elementary biology. 



Principles of Animal Biology. Fourth 
Edition. 

By A. Franklin Shull , with the collabora¬ 
tion of George R. I*rue and Alexander G. 
Ruthven. McGraw-Hill Book Co. 9 New 
York. $3.50. 9 x 5I; xiv + 400; 1934. 
Laboratory Directions in Principles of 
Animal Biology. Fourth Edition. 

By A. Franklin Shull , with the collabora¬ 
tion of George R. Larue and Alexander G. 
Ruthven. McGraw-Hill Book Co. 9 New 
York. $1.00. 9 x 5I; ix + 100; 1934. 

In the present revision of his well-known 
college textbook the author has directed 
his efforts towards a greater simplicity in 
exposition; but, on the whole there is very 
little difference between this and the pre¬ 
vious editions (cf. this Review, Vol. 5, p. 
MS). 

The same can be said for the Fourth 
edition of Laboratory Directions which 
serves nicely to teach beginners some prac¬ 
tical applications of the fundamental prin¬ 
ciples of biology. 



HUMAN BIOLOGY 

Franklin Paine Mall. The Story of a 
Mind. 

By Florence R. Sabin , The Johns Hopkins 
Press , Baltimore. $1.75. 8J x 5^; xiii + 
341 + 8 plates; 1934. 

Franklin P. Mall was unquestionably one 
of the leading figures in the scientific world 
of his time. While always zealously and 
overtly holding faithful to his first love, 
medicine, he was more than a medical 
man. For one thing he was one of the 
acknowledged leaders of his time in bi¬ 
ology, and unquestionably had more to do 


than any other one person with changing 
the status of human anatomy in this coun¬ 
try from being the lowly hand maiden of 
surgery to a branch of general biology. 
Again he was no less a leader in altering 
the outlook of American universities rela¬ 
tive to the dignity, the methods, and the 
spirit of the teaching of science. 

He has waited a decade and a half for a 
biographer. But as he himself would say 
if he could; it paid to wait! For Dr. 
Sabin’s is a masterly piece of biographic 
writing—a worthy, just, and adequate 
treatment of a great subject. And it is 
done with a devotion that plainly must 
have made the labor a delight. But fine 
as is this devotion to the master from a 
pupil now herself a master, it is not that 
which makes this a notable book. It is 
rather the fact that Dr. Sabin has, with 

f reat shrewdness and good judgment, set 
lall’s life as the central jewel in the 
coruscating background of the most bril¬ 
liant period of equal length in the progress 
of the medical sciences that history has 
yet recorded—“the period of Claude Ber¬ 
nard, Virchow, Cohnheim, Hoppe-Seyler, 
Scbmiedeberg, Lister, Helmholtz, Pasteur, 
Koch, Ludwig, and His—the period of the 
foundation of new medical sciences— 
bacteriology, cellular pathology, bio¬ 
logical chemistry, and later immunology.” 
Mali’s career as a student started as this 
period was beginning. He was an impor¬ 
tant figure in it. The theme is clear and 
Dr. Sabin has done full justice to it. The 
book is, in short, a contribution of first- 
rate importance to the history of ideas, 
and not just another biography. 

The first chapter on early life and educa¬ 
tion shows how inadequate was the train¬ 
ing the Middle West had to offer a boy of 
Mall’s capacities in the ’6o’s and ’70’s. In 
the autumn of 1883 he went to Germany, 
et incipit vita nova. During the next three 
years, first with His and then with Lud¬ 
wig, his research laid the foundation of his 
enduring reputation. These were very 
happy years. At their end he came to 
Baltimore as a fellow in pathology under 
Welch in the newly opened Johns Hopkins 
Medical School. There, except for short 
interludes at Clark and Chicago, he spent 
the remainder of his days. 

Space is lacking to follow in detail the 
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course of events in a busy life. The book 
itself must be read, and then one will see 
with the utmost clarity how and why 
Mall influenced students, teaching, re¬ 
search, scientific societies, journals, in¬ 
stitutes and foundations as he did. We 
can do our readers no greater service than 
to urge them to read this book. For it is 
their hook, written for biologists, by a 
biologist, about a great biologist. 



Negro-White Adjustment. An Investi¬ 
gation and Analysis of Methods in the In¬ 
terracial Movement in the United States. 
The History , Philosophy , Program , and Tech¬ 
niques of Ten National Interracial Agencies , 
Methods Discovered Through a Study of 
Cases , Situations , and Projects in Race Re¬ 
lations. 

By Paul E. Baker. Association Press , 

New York . $3.00. 9J x 6; 271; 1934. 
This study is based on an investigation of 
ten national interracial agencies in the 
United States and was presented as part 
of the work for the degree of Doctor of 
Philosophy at Columbia University. The 
first 47 pages have to do with the methods 
of investigation and the history, philos¬ 
ophy ana program of the interrracial 
agencies. Section III which forms the 
bulk of the volume is concerned with A 
discovery of methods through a study of the 
activity of interracial agencies in typical situa¬ 
tions. Summing up the results of his 
study the author finds that 

( After this extensive review of the facts our con¬ 
clusion must be that present attempts to solve Ameri¬ 
can interracial problems are characterized by the 
presence of two distinct goals and two distinct 
methods of reaching those goals. These goals are 
at one extreme a definitely bi-racial society and at 
the other extreme a completely assimilated race, 
while the general methods used are either those of 
conference and cooperation or those of pressure and ' 
violence. 

On the basis of present trends it seems probable 
that the conference technique will be used increas¬ 
ingly, but that the conflict method will grow in favor 
until it effects such reorganization of society as will 
give the Negro equal status and so make possible 
the use of the conference technique on an equality 
bans. If this occurs, the assimilative process will 
p rogre ss ively eliminate race differences and so make 
unnecessary any further interracial effort. If it does 


not occur, we can envision between the races only 
continued conflict which palliative methods of adjust¬ 
ment can mitigate but never solve. 

The volume concludes with a bibliog¬ 
raphy and an index. 



A Child Went Forth. The Autobiography 
of Dr. Helen MacKnight Doyle. 

By Helen M. Doyle. Gotham House , 

New York. $3.00. 8 x 3!; 364; 1934. 
Dr. Helen MacKnight Doyle tells vividly 
her struggles as a pioneer in the practice 
of medicine. The first part of the book is a 
personal record of childhood memories of 
the spacious *8o’s in California. Grand¬ 
mother had a lace cap and knew how to 
make brown gravy. No salad and salted 
nuts days were those; in fact not until our 
author was enrolled as one of three women 
medical students in Toland Hall in old San 
Francisco did she hear of a salad. 

Women were not wanted in the medical 
schools of those days and were frankly 
told so, but Helen MacKnight’s Scotch 
stubbornness carried her through her 
years of study and internship to a practice 
of her own. There is much of historical 
interest concerning San Francisco and the 
Sierra Nevada country but perhaps the 
most interesting part of the narrative is the 
struggle for existence of the pioneer women 
physicians. The first woman student at 
Toland Hall was told by one of her pro¬ 
fessors: “A woman has no business to 
study medicine. If she does, she ought 
to have her ovaries removed/* To tnis 
she replied: “If that is true, the men 
students ought also to have their testicles 
removed!** As regards the physiological 
and psychological limitations of women 
in medicine Dr. Doyle relates that three 
weeks before her baby was born she at¬ 
tended a woman in confinement and did the 
same three weeks after. As Mary Austin 
says in her foreword: “. . . it is difficult to 
separate Dr. Ncllic*s success in a difficult 
and exacting profession from her success 
as a woman. And in saying that, one has 
perhaps stated the final judgment of this 
whole vexed problem of women in pro¬ 
fessions.*’ 
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La Revolution DEmographique . Etudes 
et Essais sur les Problimes de la Population. 

By Adolphe Landry . Recueil Sirey , Paris. 

15 francs. 9 x 5!; 1^9; 1934 (paper). 
The first and larger part or this book 
(165 pages) contains two long essays on 
the demographic revolution and depopula¬ 
tion and decadence respectively. The 
first is a careful, cautious discussion of the 
falling birth and death rates and the ap¬ 
proach to a stable population, with special 
reference to the consequences in manifold 
directions of these phenomena, particu¬ 
larly as they apply to France. Nothing 
very new is developed in the way of 
results or ideas, but the author has the 
merits of conservatism and realism. He 
handles the facts in a scholarly way, and 
points out with brutal clarity that there 
is no simple or miraculous solution that 
can be applied to check or control a tend¬ 
ency towards depopulation once it is 
well started in any population, and es¬ 
pecially in a highly civilized and intelli¬ 
gent one. The second essay discusses the 
association between depopulation and de¬ 
cadence, chiefly upon the basis of the 
history of Greece and Rome (the monde 
romain , not II Duce’s home office). Again 
a scholarly discussion, saturated with 
pessimism. 

What Landry’s argument seems to 
lack is an adequate appreciation of the 
fact that human biology has been, as yet, 
but very imperfectly explored; and of no 
region is this more true than of reproduc¬ 
tion. Like Malthus his reasoning and his 
viewpoint are those of the historiog¬ 
rapher and 4 ’social scientist”so-called. 
His pessimism is essentially a mirror image 
of Malthus’s and is quite as likely to be 
made silly by the unpredicted and still 
unpredictable course of human reproduc¬ 
tion in the mass under the impact of 
altered circumstances. 

The second part of the book reprints four 
short essays on various aspects of popula¬ 
tion problems. 



Blindness and the Blind in the United 
States. 

By Harry Best . The Macmillan Co ., New 


York . $6.50. 9^ x 6J; xxii + 714; 
I 934* 

An extensive survey which will be found 
invaluable by social workers and those 
interested in public health, by legislators, 
and by physicians. The chief object of 
the study was to furnish the social econ¬ 
omist with a working treatise on a subject 
which up to the present has been dealt 
with in a humanitarian rather than in a 
scientific manner. The blind are regarded 
as “certain components of the population 
of the state who demand classification 
and attention in its machinery of organi¬ 
zation.” In the seven sections or the 
survey no important phase of the subject 
has been neglected. How wide the scope 
of the book is can best be indicated by 
icking at random a few of the topics of 
iscussion: Causes of blindness, possi¬ 
bilities of prevention, the blind by sex, by 
race, by nativity, marital conditions of 
blind, extent of education among blind, 
legal treatment, cost, history of education 
of blind in United States, public and 
private institutions for the blind, use of 
raised print, libraries, homes for adult 
blind and for children, industrial estab¬ 
lishments for blind, pensions, indemnity, 
private associations and public commis¬ 
sions for blind, etc., etc. An enormous 
amount of statistical data is given; there is 
a section on conclusions with respect to 
work for blind, and in a group of five 
appendices will be found additional tables 
ana illustrations. The volume is indexed. 



Japanese in California. Based on a Ten 
per Cent Survey of Japanese in California 
and Documentary Evidence from Many 
Sources. Stanford University Publications , 
University Series . Education-Psychology , Vol¬ 
ume i, Number 2. 

By Edward K . Strong, Jr. Stanford Uni¬ 
versity Press , Stanford University , Calif. 
$1.00 (paper); $1.50 (cloth). 10 x 6J; 
188;1933. 

This report, the second in a scries of four 
dealing with Japanese in California, gives 
extensive data on birthplace, age, sex, 
size of family, births and deaths, also 
information on education, occupation and 
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religious affiliations. The survey, made 
by twelve people five of whom were of 
the Japanese race, covered certain definite 
geographical districts of about 1000 
persons each. City, town and country 
dwellers were represented. Out of a 
total population in California of 97,456 
Japanese, 9,416 (half of whom were 
children) were personally interviewed. 
Concerning the birth rate of the first 
generation in the United States, records 
show it to be higher than that of the 
whites, but not as high as frequently has 
been claimed. The Japanese married man 
has had about 3.1 children on the average 
and the Japanese woman 3.3 children. 
The birthrate of the second generation 
cannot be estimated for only a handful 
arc old enough to marry but “it would 
appear that these young people educated 
in American schools arc most likely to 
imitate their white acquaintances and 
limit their families very decidedly.** 

The statistical data arc arranged in 68 
tables. Included in the report is a section 
on the distribution of the Japanese in the 
United States. There is an index. 



Maternal Mortality in Fifteen States. 
United States Department of Labor , Chil¬ 
dren s Bureau Publication No. vlx. 

U. S. Government Printing Office , Wash¬ 
ington. id cents. 9I x 5I; xiv + 134; 

1934 (paper). 

This report, following the recent pub¬ 
lication by the New York Academy of 
Medicine Committee on Maternal Mor¬ 
tality in New York City in 1930, 19J1 and 
1931, gives similar data on maternal mor¬ 
tality in 1917 and iql8 for the states 
Alabama, Kentucky, Maryland, Michigan, 
Minnesota, Nebraska, New Hampshire, 
North Dakota, Oregon, Rhode island, 
Virginia, Washington, Wisconsin, Cali¬ 
fornia and Oklahoma. In both studies, 
reported cases of puerperal deaths were 
investigated by trained field personnel, 
detailed histories of the circumstances of 
each death were obtained and the data trans¬ 
mitted to their respective committees for 
analysis. Both committees arrive at much 
th^ same general conclusions. It is pointed 


out that a very large proportion of 
maternal deaths arc preventable; that 
there is great need for better training of 
persons responsible for maternal care; that 
physicians and their organized medical 
societies must assume the leadership in 
the field; that the general public must be 
given widespread education of the impor¬ 
tance of prenatal, natal, and postnatal 
care, the clangers of abortion, ana of their 
own responsibilities. The Children’s 
Bureau is to be commended for carrying 
through this extensive and valuable in¬ 
vestigation. Special praise should goto 
Dr. Frances Kothert for her clear-cut 
analysis and well written report. 



The Mystery of Stigmata. From Catherine 
Emmerich to Theresa Neumann . 

By Jeanne Danemarie. Translated from 
the French by Wane B. Wells . Bums 
Oates and Washboume , London . 5 shill- 

ings. 7I x 4; viii + 148; 1934. 

A devout and cultured Roman Catholic 
with a penchant to describe her own 
mystic feelings writes this book on stig¬ 
mata in which she sketches the lives of 
the nineteenth century stigmatized nun, 
Anne Catherine Emmerich, her official 
biographer, Clement Brentano, and her 
spiritual descendant, Theresa Neumann of 
Konncrsrcuth whom the author personally 
visited. It is on her own personal emo¬ 
tions that Mmc. Danemarie dwells so 
that we learn no more about Theresa 
Neumann than that which has appeared 
in numerous articles and books (cf. Kon- 
nersreuth , noticed in Vol. 8, p. 175 of this 
Review). 

Written in a style sui generis , this book 
and the gentle author also might well 
have been contemporaries of Jacopone da 
Todi of whom we arc reminded by the 
following words taken from the intro¬ 
duction: “Here is the story of the journey 
that led me to the Stigmatised Woman of 
Bavaria, all athrob with the martyrdom 
of her wounds and the clairvoyance of her 
ecstasies.” 

The work of the translator appears to 
have been well done. 
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Early Days among the Cheyenne and 
Arapahoe Indians. 

By John H. Seger. Edited by Stanley 

Vestal. University of Oklahoma Press, 

Norman . $i.oo. 9x6; 155; 1934. 

This interesting book gives an account of 
the author's experiences among the Indians 
in the early years of their life on reserva¬ 
tions. Most of the officials of the agency 
were Quakers, full of the noblest inten¬ 
tions but with little insight into the ways 
of thought of their Indian charges. They 
tried to teach the Indians to farm but, 
quite understandably, the latter preferred 
the excitement of hunting buffaloes to the 
drudeery of farming. Seger started as 
builder and Jack-of-all-traacs on the res¬ 
ervation but soon acquired so much pres¬ 
tige among the Indians by his couraec 
and conjuring feats that he was made 
head of the school for the Indian children. 
His struggles to maintain discipline among 
his pupils and their parents, who not in¬ 
frequently drew a gun or a knife on him, 
the loyalty of the Indians after he had 
succecaed m making them his friends, the 
disputes between the Indians and the 
white settlers, are all interesting chapters 
in the history of the relations between the 
two races. An appendix gives the tribal 
tradition of the Cheyenne Indians as told 
to Mr. Seger by one of the chiefs to whom 
it had been nanded down by word of 
mouth. 



The Peopling op Australia. (.Further 
Studies .) 

By K. H. Bailey, J. B. Brigden , H. Burton, 
D. B . Copeland, F. W. Eggleston , A. S . 
Kenyon , F. R. E. Maul don, H. A. Mullett, 
G. Packer, P. D. Phillips, W. I. Potter, 
G . Taylor, S. M. Wadham , A. G. Whit- 
lam . Editorial Committee: P. W. Eg¬ 
gleston, P. D. Phillips, G. Packer , £. 
iW/, S. S. Addison. Melbourne Uni¬ 
versity Press, Melbourne . 6s. 6d. net. 

7 i X 4! 1317; I 933 * . . 

In this volume we find a continuation of 
the investigations on the demographic 
and intercorrelated economic conditions 
of Australia (cf. Vol. 5, p. 473 of this 
Review). The present survey gives a sum¬ 
mary of the immigration* policy both his¬ 


torically and from the standpoint of the 
state of public opinion towards new im¬ 
migration; the limitations imposed by the 
economic conditions of Australia to an 
increase in population; the apparent im¬ 
mediate effects of state aided settlements. 
The several authors limit themselves to an 
exposition of the facts which can be used 
to support either of the two opposing 
viewpoints: limited immigration or low¬ 
ering of the barriers. Each is consistent 
per se depending on the future; i.c., 
whether Australia will continue to be an 
exporting nation or must rely entirely on 
its own market. In regard to the State 
planning of communities, all agree that 
the experience so far has been disastrous 
for the public exchequer. 



Child Marriage: The Indian Minotaur. 
An Object-Lesson from the Past to the Future. 
By Eleanor F. Rathbone. George Allen 
and Unwin , London . is. 5d. net. x 
4l; i3 8 ; I 934- 

Since 1846 Indian administrators have 
passed laws tending to curb child marriage 
so prevalent amongst the natives. These 
laws have been ineffectual as is known 
and the author in rather violent manner 
lays the blame on the English and Indian 
authorities whom she accuses of fearing 
the effects of applying such obviously un¬ 
popular regulations. The descriptions of 
the sad state of the Indian woman arouse 
pity. Early marriage, aside from the 
grave social burden which it imposes, has 
as direct evil there the high mortality due 
to lack of hygienic measures in puer- 
perium. But the author, evidently gifted 
with a highly developed reform complex, 
shows lack of political insight in her 
attack on the already troubled officials, 
and the short-sightedness common to re¬ 
formers in her proposed amendments to the 
latest statutes (Sarda Act). They arc 
three, two of which would permit pros¬ 
ecution by the courts on privately ob¬ 
tained information. In addition, her main 
method of attack would be to grant greater 
political franchise to women and arouse 
then their organized protest. It has ap¬ 
parently not occurred to the author that 
the fundamental and immediate need is 
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that of alleviating the hygienic condi¬ 
tions, and that social evolution would 
follow as a consequence. 



Keith Lucas. 

Contributors: H. H. Turner , F. C. Temple , 
Sir Walter Fletcher , G. LI. Hodgkin , jE. D. 
Adrian , Mervyn 0 *Gorman, Bertram Hop- 
kins on, R. H. Mayo. W. Heffer and 
Sons , Cambridge. 5 shillings net. 7J x 

Af& the death of Keith Lucas in the 
World War Sir Walter Fletcher, with 
whom he had been associated at Cam¬ 
bridge, intended to prepare a memoir of 
him and, with this end in view, asked 
several of Lucas’ friends to write accounts 
of those aspects of his life with which 
Fletcher was not himself familiar. How¬ 
ever, other duties interfered and the 
memoir was never written. The papers 
are therefore here published in their 
original form with the addition of an 
account by Professor Adrian, a pupil and 
later a colleague of Lucas, of his life at 
Cambridge ana of his pioneer work on the 
excitation of nerve and muscle which 
Adrian himself has continued so bril¬ 
liantly. The chief impressions which the 
book leaves are of Lucas* personality, 
the clearness of thinking which enabled 
him to state his problems in a form which 
would permit of an answer, and the me¬ 
chanical skill with which he constructed 
his experimental apparatus. A list of his 
scientific writings is given. 



Science, Religion and Man. 

By William J. J. Cornelius. Williams 
and Norgate , London. 15 shillings net. 
8i x 5§; 387; 1934. 

The author’s formal definition of God is 
"the idea of power exercised by a Spiritual 
Agency.” While for the modern man 
who does not believe in the existence of 
God "an absorbing intellectual interest” 
may be his god "no one can get rid of the 
necessity of a god.” The real nature erf 
God will be revealed. "The adventure 
we make justifies our action if simply and 


honestly made, and if proof does not 
come to us in this life it is because that is 
reserved for the time when, purified and 
fit for the vision by transformation, man 
shall see God as He is.” Religion is not 
so simple and is finally decided to be 
"incapable of exact definition.” 

Included in the volume are chapters on 
magic and a very much condensed survey 
of various religions, ancient and modern. 
There is a bibliography and an index. 



Income in the Various States. Its 
Sources and Distribution. 1919, 1920 , and 
1921. 

By Maurice Leven. Based upon Estimates 

of the National Totals by Willford I. King. 

National Bureau of Economic Research , 

New York. $3.50. 9x6; 306; 192.5. 
This book gives estimates for the various 
states in 1919, 192.0, and 192.1 of current 
income—including "(1) wages, salaries 
and pensions, (2.) profits withdrawn from 
business, (3) dividends, interest, and rent 
received by individuals, (4) the rental 
value of homes occupied by their owners, 
(5) interest upon tnc sums invested in 
household furnishings, clothing, and the 
like, and (6) the value of commodities 
which families produce for their own con¬ 
sumption"—ana gains or losses in the 
value of property owned. The per capita 
current income of the Southern states is 
much below that of the rest of the country 
when the entire population of each state 
is considered but the current income of the 
farm population per farmer and family 
shows no such wide disparity. There is 
an index. 



Our Primitive Contemporaries. 

By George P. Murdock. The Macmillan 
Co. y New York. $5.00; Student edition, 
$3.60. 7} X 5$; xxii + 614; 1934. 

This seems to as to be about the best 
general elementary treatise on what the 
science of ethnology is about, and what its 
methods and outlook are, that we have 
yet seen. It digests and condenses an 
immense amount of original material 
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published in monographs and books 
mostly not easily available, and often very 
dull reading if available, to the end of 
making plain for some eighteen examples 
how the “savage** actually lives. It is 
well written and illustrated. Each of the 
chapters has at the end a brief but well 
selected bibliography. There is an ex¬ 
cellent detailed index. Altogether we 
recommend this book without reservation 
to all students of human biology. Un¬ 
fortunately many of the half tone illus¬ 
trations arc very badly reproduced. 



Classification and Uses of Finger 
Prints. (Seventh Edition ). 

By Sir E. R. Henry. His Majesty s 
Stationery Office , London; The British Li¬ 
brary of Information , New York . 3 shill¬ 

ings net (Great Britain); 91 cents (New 
York). 8£ x iv + 141; 1934. 

All you need to know about finger print¬ 
ing is contained in this the seventh edition 
of Henry's book. There is an interesting 
although brief resumd of the history of 
finger printing and an account of some of 
the uses which have been made of finger 
prints. Directions for making prints arc 
given, but the most of the book is devoted 
to description of the identifying charac¬ 
teristics and classification for filine. This 
latest revision of Henry’s original system 
(which in turn is based on Galton’s) makes 
it the most widely used system of classi¬ 
fication. 



The Doctor and Citizenship. 

By Thurman D. Kitchin. Christopher 
Publishing House , Boston. $1.50. 8 x 5}; 
89; 1934. 

A collection of short essays about the 
position of medicine in the community, 
by the President of Wake Forest College. 
Nothing new or startling is said, and very 
much that is trite, and for some time since 
unoriginal. We gather from the book 
that the author is a sound, genial, and 
conservative college president. 


ZOOLOGY 

Is It Cruel? A Study of the Condition of 
Captive and Performing Animals. 

By T. H. Gillespie. Herbert Jenkins % 
London . 6 shillings net. 8^x3^181 + 
16 plates; 1934. 

This is a book which will interest all 
animal lovers and bring solace to those 
who have deplored the captivity of wild 
animals. The author, director of the 
Zoological Park in Edinburgh, shows 
quite conclusively the advantages which 
a wild animal in captivity has over those 
that are unconfinca, provided of course 
that the zoo is well kept. In the native 
state there is constant warfare carried on 
for the preservation of life. In the zoo, 
animals very soon adapt themselves to 
their cages which become to them a safe 
refuge and frequently develop a real 
affection for their keepers. A number of 
instances are cited of animals that, finding 
means of exit from their enclosures, were 
accustomed to roam the park at night but 
always returned before day-break to spend 
the day in confinement. The rhythmic 
pacing or movements of the body which 
so many animals exhibit in captivity Mr. 
Gillespie believes to be common among 
many wild animals whether captive or 
free and enjoyed by them in possibly the 
same way that the dance is enjoyed by 
human beings. The second section of the 
book is devoted to performing animals 
and the third and final section to the 
development of zoological parks. The 
volume contains a number of well-chosen 
illustrations and is indexed. 



Anatomy of Animal Types for Students of 
Zoology. 

By E. A. Briggs. Angus and Robertson , 

Sydney. 10s. 6d. 8J x 5!; xix + 150; 

I 934- 

This guide for the study of animal types, 
both invertebrate and vertebrate, will 
probably have little practical appeal for 
American zoologists since it concerns 
itself only with Australian forms. The 
book will undoubtedly find friends in 
Australia, however, for it seems quite 
complete, authoritative and clearly 
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written. The author has purposely omit¬ 
ted using any drawings and diagrams 
holding the view, . . . that practical 
zoology is the study, not of drawings and 
diagrams, but of animal life in all its 
phases of structure and function.** 
Whether it is desirable to omit illustra¬ 
tions in this case must be determined by 
the users of the volume. This conserva¬ 
tive reviewer however, used to seeing a 

J ucture of an Amoeba as he studied it, 
elt keenly the absence of drawings. 



Coccidia and Coccidiosis of Domesticated , 
Game and Laboratory AnimaU and of Man. 

By Elery R. Becker . Collegiate Press , Ames, 

Iowa. $1.50. 9$ x 6£; ix + 147; 1934. 
Besides being based on the author’s ex¬ 
tensive experimental investigations in the 
field, this book also embodies a digest of 
the related literature which runs to some 
350 references. The work covers infor¬ 
mation on species, hosts, host-specificity, 
life cycle, pathogenicity, immunity, pro¬ 
phylaxis and therapeutics. There are 
twenty-five plates and text figures which 
are indispensable for identification and 
description. Three appendices contain: 
Recommended readings for coccidiosis 
in hosts not extensively treated in the 
text, a host-catalogue of genera of coccidia 
represented in the vertebrates, and notes on 
technique. There are both author and 
subject indices. 



Tropical Fishes for a Private Aquarium. 
By Christopher W. Coates. Liveright Pub¬ 
lishing Corp ., New York . $1.00. 7x5; 
xi + n6; 1933. 

If you have ever had a gold fish you will 
like this book, although gold fish are not 
discussed. The foreword says that not all ‘ 
the fishes suitable for aquaria are listed, but 
there are over a hundred different species 
in the index, so that one ought to find a 
fish to meet almost any specifications. 
There are ^.excellent photographs. The 
first four cnapters are concerned with gen¬ 
eral information about aquaria, care and 
feeding of fish, but the bulk of the book is 


devoted to descriptions of species suitable 
for pets. This is an excellent book since 
it not only contains valuable information 
but is delightful reading as well. 



The Elasmobranch Fishes. Third Edition. 
By J. Frank Daniel . University of Cali¬ 
fornia Press , Berkeley . $3.00. 10J x 6}; 

xi + 3 xl; 1934. 

A third edition of this valuable zoological 
text revised by the addition of new ma¬ 
terial on the transformation of the endp- 
style into the thyroid gland; a more com¬ 
plete discussion of the lymphatic system; 
a consideration of the homologies of the 
carotid artery between Elasmobranchs and 
higher Vertebrates, and a report of new 
studies on the nature of the cells forming 
the wall of an ampulla of Lorenzini. 



Kurze Anweisung fur Zoologisch-sys- 

TEMATISCHB STUDIEN. 

By Bernhard Rensch. Akademische Ver- 
lagsgesellschaft , Leipzig. 6.2.0 marks. 
9i * II6 (paper). 

This is a most useful and clear discussion 
of the principles governing taxonomy and 
terminology. It is designed to explain 
briefly modern systematic categories and 
nomenclature tp those who arc specialists 
in other fields of biology, but need never¬ 
theless some understanding of systematic 
zoology. There is a final section of sound 
advice to the prospective Systematiker. 
The book is not overladen with examples 
and consequently makes easy as well as 
highly instructive reading. 



Insects as Material for Study. Two In¬ 
augural Lectures Delivered on 17 and 24 
November 1999. 

By G. D. Hale Carpenter. Oxford Uni¬ 
versity Press, New York. $1.00. 9x6; 
38; 1034 (paper). 

Two short essays, delivered as lectures, 
present the autnor** opinions as to the 
desirability of insect material for the study 
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of biological problems. In general, Pro¬ 
fessor Carpenter is impressed with the 
insects as subjects to be used in analyzing 
problems of ecology and evolution. Of 
especial interest are the author's views 
as to the adaptive value of mimicry and 
protective coloration among insects and 
the relation of these phenomena to natural 
selection. 



The Terrarium. Tortoises , Other Reptiles 
and Amphibians in Captivity. 

By Burgess Barnett. Poultry World , 
London, is. 6d. net. x 4$; 57; no 
date (paper). 

A book designed to popularize the “quiet 
delights of reptiles and amphibians as 
pets.” It includes directions as to feeding 
and housing and descriptions of such 
species of reptiles and amphibians as are 
uitable for vivaria and greenhouses. 



BOTANY 


The Comparative Anatomy of Extra- 
Chromosomal Types in Datura Stra¬ 
monium. Carnegie Institution of Washing¬ 
ton Publication No. 451 

By Edmund W. Sinnott 9 Helen Houghtaling 
and Albert F. Blake sice . Carnegie Institu¬ 
tion 9 Washington , D. C. $1.50 (paper); 
$1.50 (cloth;. 10 x 6f; 50+19 plates; 
1934 * 

This quantitative analysis of the histo¬ 
logical characters of Datura mutants of 
known chromosomal constitution is prin¬ 
cipally concerned with the structure of the 
floral pedicel; the leaves of the various 
tvpcs were relatively constant in structure, 
the stem never really stops developing and 
comparable sections are hard to find, and 
the roots were too highly variable within 
one and the same type for comparison 
with other types. As might have been 
expected, the various polyploid types, in, 
xn, 3n, and 4a showed differences in cell 
and organ size corresponding to their 
chromosome content. The principal 
point of interest is the analysis of hctcro- 
ploid types, diploid plants with a single 
extra chromosome. Primary mutants 


differ very little from the structure of 
diploid plants but secondary mutants tend 
to have vascular bundles which are dis¬ 
tinctly wider and greater in area than 
those of diploid. The differences between 
mutants were mostly of a quantitative 
character. Besides tables of data there 
are photomicrographs of representative 
flower stalks of eacn of the mutants. As 
the first histological study of plant hy¬ 
brids that is not limited to the F x gen¬ 
eration this contribution deserves the 
attention of geneticists. 



The Flora of Iceland and the Faroes. 

By C. H. Ostenfeld and Jobs. Grontved. 

Levin and Munksgaard , Copenhagen. D. 

Cr. 6.50. 7J x 5I; xxiv + 195 + x 

maps; 1934. 

The senior author finished the first half 
only of this descriptive manual before his 
death in 1931 and the work was completed 
by Johs. Grontved of Copenhagen with 
the assistance of specialists on several of 
the difficult genera like Hieracium and 
Salix . It provides analytical keys for the 
identification of the vascular cryptogams 
and the seed plants of Iceland and the 
Faroes, with notes on their distribution 
and on the colloquial names by which 
they are known to the inhabitants. There 
arc maps to make the place names in¬ 
telligible, and there arc glossaries and 
indices which make the book readily 
usable. It is interesting to note that 
about hajf of the genera are represented 
by only one species. This flora should be 
very useful to students of plant distribu¬ 
tion since many North American plants 
are represented. 



The Myxomycbtes. A Descriptive List of 
the Known Species with Special Reference to 
Those Occurring in North America. 

By Thomas H. Macbride and G. W. 
Martin. The Macmillan Co. 9 New York. 
$6.00. 9i x 6J; x + 339 + xi plates; 
1934 - 

This manual is a monographic treatment 
of the myxomycctcs of the world based 
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on the senior author’s The North American 
Slim Moulds and amplified to include all 
the species thus far described. Analytical 
keys and full descriptions arc provided 
with critical notes on each species. The 
taxonomy of these forms presents con¬ 
siderable difficulty and since discrimina¬ 
tions between names and authorities neces¬ 
sarily must be made frequently it is a 
commendable thing to discuss the reasons 
for the choice as fully as the authors 
have. Considerable space is given to 
lists of synonyms and citations of the 
original descriptions. There is an index 
and a bibliography. There are 11 plates 
illustrating habit, spore form, and struc¬ 
ture of a large number of species. 


Daylilies. The Wild Species and Garden 
Clones , Both Old and New, of the Genus 
Hemerocallis. 

By A. B. Stout . The Macmillan Co., 
New York. $3.00. 9^ x 6£; x + 119 
+ 36 plates; 1934. 

The collections of daylilies at the New 
York Botanical Garden provided the ma¬ 
terial on which this manual is based. It 
describes the species and horticultural 
clones grown in this country in some 
detail and there are recommendations as 
to soils, treatment, and suitability for the 

f 'ardcn. There arc numerous photographs, 
our color plates reprinted from Addisonia, 
a key to species, and an index. Alto¬ 
gether it should be a very satisfactory 
book for horticulturists and gardeners. 


Epitome op Botany with Questions and 
Answees. Part z. 

By G. A. Kapadia . G. A. Kapadia, 
Rothfield St., Broach, India . 8 annas. 

7i x 4; 44 ; 1933 (paper)- 

This syllabus has about the same content 
and style as a well-bred student’s notes 
on a lecture course on plant morphology. 
The principal object is to teach the student 
the names of the structures which have 


diagnostic value in classification. There 
is a short, unillustrated glossary of botan¬ 
ical terms, a list of Greek and Latin 
root-words, and a list of questions on the 
material covered in the booklet. Al¬ 
though this could be used to supplement 
a second-rate textbook profitably there 
would be no advantage in using it with a 
good textbook. 


A Textbook op Systematic Botany. 
Second Edition. 

By Deane B. Swingle. McGraw-Hill Book 
Co., New York. $1.15. 9 x 5!; xv + 
170; IQ34. 

This is the second edition of a college text¬ 
book planned not only to teach students 
how to identify plants and to provide them 
with glossaries and diagrams to aid in 
interpreting the standard manuals, but 
also to introduce them to the logical 
principles underlying schemes of classifica¬ 
tion. Brief synopses are given of 60 fam¬ 
ilies of spermatophytes. There is an 
index and there are lists of reference books. 


MORPHOLOGY 

Intercortical Systems of the Human 
Cerebrum. Mapped by Means of New 
Anatomic Methods. 

By Joshua Rosett. Columbia University 

Press, New York. $3.00. 10 x 7; xvi + 

In •s is :9 & k the author describes his 
work in mapping out the intercortical 
nerve fibres by the ingenious method, 
devised by him, of dissecting the tissues 
along the natural lines of cleavage by 
exploding them with gas. Although much 
more work will have to be done before 
definite results can be obtained concern¬ 
ing special regions and functional mech¬ 
anisms, the work is important as orien¬ 
tation for further study. Adolf Meyer 
contributes a foreword and Stanley Cobb 
a preface. The bibliography contains 65 
titles and there is an index. 
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L’Utilisation de la Charpbntb Ossbuse 
par lbs Animaux Vert£br&. Deuxtbme 
(dition revue et augmentie . 

By Louis Perbal. G. Doin et Cie, Paris . 

15 francs. 9$ x 6i; 161; 1934 (paper). 
The author has added about 60 pages to 
his earlier edition noticed in Volume 7, 
p. 476 of the Review, but leaves us still 
unconvinced that his examples of adapta¬ 
tion of skeletal structures of animals prove 
conclusively that the Lamarckian theories 
of evolution arc so. 


PHYSIOLOGY AND PATHOLOGY 

Features in the Architecture of Physio¬ 
logical Function. 

By Joseph Barcroft . The University Press , 

Cambridge; The Macmillan Co ., New York. 

$5.50. 8i xji; x + 368; 1934. 

The argument that runs through this series 
of lectures is that the fundamental prin¬ 
ciples of human physiology arc inter¬ 
dependent, that in a certain sense one 
principle implies the others. 

Ac the outset I had regarded the body as a noble 
building on the principles which it exhibits as un¬ 
connected features in its architecture. It became 
clear that the features were far from being inde¬ 
pendent. The highest functions of the nervous sys¬ 
tem demand a quite special constancy in the compo¬ 
sition of its intimate environment. The stability of 
the internal milieu almost compels the principle of 
the storage of materials and of integration in adapta¬ 
tion. Again an easy stepping stone to integration in 
[is] the practice of the body to have more than one 
way of doing many things. But parallel mechanisms 
may express themselves not only in integrative but 
in antagonistic processes. Moreover, increased func¬ 
tion actively may \>c achieved either by heightening 
the efforts of units already functioning or marshalling 
a greater number of units; and so we arrive at the 
*‘all-or-none" relation. 

It seemed almost as though there had emerged an 
approach to physiology from an unusual angle: not 
from that of mere structure, whether the structure of 
organs or of chemical formulae, but from the princi¬ 
ples of function. 

This, then, is the outline of a thorough¬ 
going and critical review of quantitative 
evidence on which this series of proposi¬ 
tions rests presented skillfully in the form 
of lectures. It is an impressive chain of 
reasoning but it would he unfair to say 


that it makes easy reading; it requires care¬ 
ful study but it is worth it. Bibliog¬ 
raphies and an index are provided. 


Studies on the Possible Intoxicating 
Action of 3.2. per Cent Beer. 

By A. J. Carlson , N. Kleitman , C. W. 
Muehlberger , F. C. McLean 9 H. Gullicksen 
and R. B. Carlson . University of Chicago 
Press , Chicago . 75 cents. 9 x 5I; vii + 
85; 1934 (paper). 

A laboratory experiment designed to be 
helpful in a redefinition of alcoholic in¬ 
toxication in its social and legal aspects. 
The specific question to be answerea was: 
Can sufficient beer containing 3.1 per cent 
alcohol be consumed to produce definite 
intoxication? The beer was given to 
human subjects under experimental condi¬ 
tions. The measurements taken were: 
Alcoholic concentration in blood and 
urine, a series of objective performance 
tests, and subjective judgments of change 
in behavior of the subjects by observers. 
The amounts of beer given were graded 
from two n-ounce bottles up to quantities 
taxing the capacity of the digestive tract 
with repetition of dosage at various time 
intervals and with and without food. A 
check test was carried out using near beer. 
The data are presented in tables, charts 
and correlation surfaces. A brief review 
of experiments dealing with intoxication 
is made, but an extensive comparison of 
the findings is impossible for lack of 
statistical data in previous studies. The 
authors found that forced consumption of 
3 .l per cent beer at the rate of 4 to 6 bottles 
per hour for three and one-half hours (109 
cc-190 cc. of alcohol) produced intoxica¬ 
tion in five out of 19 cases. The average 
blood concentration of alcohol was i.l 
milligrams per cc., which was within the 
range where 40-46 per cent were found 
“under the influence: or at the stage of 
“stimulation” by other investigators, and 
this concentration is below the limit of 
intoxication set by the British Alcohol 
Investigation Committee. The authors 
conclude that 3.1 per cent beer is not in¬ 
toxicating, for the ordinary person cannot 
practically drink large enough quantities 
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necessary to reach the required alcohol 
concentration in the blooo. 



Diseases Peculiar to Civilized Man. 
Clinical Management and Surgical Treatment. 

By George Crile. Edited by Amy Rowland. 

The Macmillan Co., New York. $5.00. 

8 | x j§; xi + 417 + folding chart; 1934. 
The principle enunciated here is that the 
high activity of the brain, the thyroid, 
and the adrenal-sympathetic system of 
civilized man gives him not only his 
unique power and distinction, but also his 
unique diseases, neurocirculatory asthenia, 
hyperthyroidism, peptic ulcer and prob¬ 
ably diabetes. Treatment of these hyper¬ 
kinetic syndromes includes one or more 
points of attack, the object in each case 
being to lessen the factors that are causing 
the damaging kinetic drive; thus the driv¬ 
ing power of the brain may be lessened by 
rationalization or by excision of the sym¬ 
pathetic ganglia, the driving power of the 
thyroid decreased by thyroidectomy or by 
interference with its sympathetic nerve 
supply by ligation, the hyperactivity of 
the adrenals by denervation. Of these 
possible points of attack, primary empha¬ 
sis is placed on adrenal denervation. 
Under this treatment, 94 per cent of 76 
cases of true neurocirculatory asthenia, the 
same percentage of 79 cases of hyper¬ 
thyroidism, ana 96 per cent of 37 cases of 
peptic ulcer, showed cure or improvement. 

Approximately the first one-third of the 
book deals with the development of the 
theory of the interrelated hyperkinetic 
activity of the brain-thyroid-adrenal-sym- 
pathetic system, clinical descriptions of 
the “diseases peculiar to civilized man” 
and the surgical technique of adrenal 
denervation. The remainder of the book 
is devoted to routine clinical histories of 
patients, most of whom were treated by 
adrenal denervation. Although joint au¬ 
thorship is not noted on the title page, 
parts of the book are contributed either by 
or with the assistance of five coworkers. 
In. its entirety, however, the book reveals 
the boundless enthusiasm and unbridled 
optimism of the principal author. An 
extensive bibliography and name and 
subject indexes tre included. 


Lbs Ultra virus. Pathogines et Sapro¬ 
phytes. Techniques d'Etude. Caractires 
Physiques et Biologiques. Maladies h Ultra- 
virus. Clinique. Aseatomo-Pathologie. Epi- 
dtmiologie. Immunitf. 

By Paul Haudttroy. Masson et Cie, Paris. 

60 francs. 10 x 6J; 46a; 1934 (paper). 
Although this might be called a second 
edition of the author’s book Les Ultravirus 
et les Formes Filtrantes des Microbes pub¬ 
lished in 19x9 and noticed in these columns 
(Vol. 5, pp. 364-365) it is really a different 
work. Interest and research on the vi¬ 
ruses has advanced to such an extent as to 
add to, modify or negate much of the mat»- 
rial presented in the previous work. The 
arrangement of the section dealing with 
specific viruses—those affecting bacteria, 
plants, fishes, insects, and birds as well as 
mammals—follows in the main that of 
the earlier work, but it has been entirely 
rewritten to conform with the knowledge 
which subsequent research has brought 
to light. The author has added a section 
on techniques as bases for further study, 
but has omitted the discussion of filtrable 
forms of non-filtrable germs, as he intends 
to devote another book to this phase. 
The book is well-written, well docu¬ 
mented and indexed, and should alto¬ 
gether make a worthy addition to the 
bacteriologist’s library. 



LTMMUNIT6 PAR MfiCANISME Physico- 

Chimiqub. 

By R. Dujarric de la Riviire. Masson et 

Cie, Paris. 18 francs. 9} x 64 ; 73; 1934 

(paper). 

For ten years the author has conducted 
numerous investigations to determine the 
physicochemical mechanism underlying 
immunity. In this volume he briefly sum¬ 
marizes the results of a few of his experi¬ 
ments as an illustration of the value of 
biochemical and biophysical methods and 
technique. The monograph is divided 
into three parts. In the first he reports 
the changes occurring in the antiseptic 
power of certain compounds through the 
action of ultraviolet radiation and in rela¬ 
tion to difference in electrolytic disassocia- 
tion. The second treats of the preciseness 
of the flocculation technique from which 
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Ramon’s work on diphtheria anti-toxin 
derives its importance. In the last and 
most extensive part the author demon¬ 
strates the function of the hemoglobin, 
adsorption and transportation of toxins 
and antitoxins, and in particular the effect 
of bismuth, arsenic and mercury com¬ 
pounds on the red blood cells of man 
(syphilitic and non-syphilitic) and other 
animals. 


Diet and Personality. Fining Food to 
Type and Environment . 

By L. Jean Bogert. The Macmillan Co. 9 
New York . $l.oo. 7$ x 5J; ix + 113; 
1 9 ) 4 - 

Advice as to what to eat and when to cat it 
is not lacking in the lives of most of us. 
Sensible advice, that which is free from 
superstitious prejudice or is not advanced 
for the commercial advantage of somebody 
and which takes any account whatsoever 
of individual differences is not however, 
accessible to a vast number of persons. In 
this book Doctor Boecrt presents, in clear 
although somewhat breezy style, most of 
what the relatively new science of nutri¬ 
tion has to teach the practical man about 
his diet. In addition, as she says in the 
Foreword, “You may find that I have 
almost as much to say about general living 
conditions and health habits as about diet, 
but that is because no one can profit from a 

f ood diet as much as he should, when his 
abits of living are wrong . . . 


Trait& db Physiologib Normals et 
Pathologique. Tome VII. Sang et 
Lymphe. Reactions dTmmuniti. {Deux- 
iime Edition). 

By Ch. Ac hardy Justin-Besanjon , A. Bes- 
redka. Lion Binet , J. Bordet , L. Cuinot 9 H. 
Delaunay , R. Fabre 9 J. Jolly , M. Laudaty 
Ph. Pagniegy G.-H. Roger 9 E. Schulmann 9 
P.-E. Weil 9 E. Zun%. Published under 
the direction of G.-H. Roger and Lion Binet. 
Masson et Cie 9 Paris. 100 francs (paper); 
110 francs (cloth). ~ 9f x 6f; xii + 731; 
* 934 - 

Since 1917 when the first edition of this 
volume (noticed in these columns, Vol. 3, 


p. 143) of a useful reference work on physi¬ 
ology appeared research has increased the 
knowledge concerning blood and lymph to 
such an extent that the material had to be 
thoroughly revised and augmented to 
make the second edition up-to-date. Nota¬ 
ble additions include a chapter on the 
chemical constituents of blood written by 
M. Laudat, and one by L. Cu6not on the 
coagulation of the blood in the inverte¬ 
brates. A chapter by Edgard Zunz on 
coagulation has been substituted for 
Doyon’s treatment of the subject which 
appeared in the first edition. The docu¬ 
mentation has likewise been brought up 
through 1933 and the whole book is more 
than loo pages longer than the earlier 
work. 



Hommage A la M&moirb du Profbssbur 
Jean CantacuzAne. Tome I et II. 

Masson et Cie 9 Paris . L50 francs. 11 x 

7§; xv + 8n; 1934 (paper). 

Doctor Ion Cantacuzino was bom in 
Rumania, completed his medical and 
bacteriological education in Paris, was 
connected for several years with the Pas¬ 
teur Institute, and for the last thirty-two 
years of his life occupied the Chair of 
Experimental Medicine in the Faculty of 
Medicine and the Institute of Pathology 
and Bacteriology in Bucharest. He died 
in January of this year. It was originally 
planned to present these two volumes of 
papers by his students and friends to him 
on the occasion of his seventieth birthday 
in November. 

The papers treat of bacteriological and 
pathological subjects. The list of con¬ 
tributors is a long and imposing one, but 
space permits us to mention only a few: 
A. Bcsrcdka, A. Boquet, A. Calmette, S. 
Mctalnikov, L. NAgrc, P. Reiss, G. Teissier 
and A. Wadsworth. 

A short biography of Doctor Cantacu¬ 
zino and a list of his publications, 1x3 in 
number, are provided. 


Localization of Function in the Cere¬ 
bral Cortex. An Investigation of the Most 
Recent Advances. Proceedings of the Associa- 
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tion, New York, December 28th and 29th, 

By Association for Research in Nervous and 
Mental Disease. Editorial Board: Samuel 
T. Orton, John F. Fulton and Thomas K. 
Davis. The Williams & Wilkins Co., 
Baltimore. $8.00. 9 x 5$; xxi + 667; 

A senes of papers by thirty-four well 
known contributors, on aspects of cerebral 
localization, presented at the thirteenth 
annual meeting of the Association for 
Research in Nervous and Mental Diseases 
on December 18-19, 1 93 1 * The volume is 
divided into three sections representing 
three different attacks on the problem. 
The first, the anatomical, indicates the 
structural differences of various parts of 
the cortex; the second section deals with 
the experimental aspect which points to¬ 
wards the variation in functional impor¬ 
tance of the same cortical area in animals 
of different phylogenetic levels. The third 
attack is from the standpoint of detailed 
clinical observation, particularly on people 
who have undergone lobectomies. 


The Human Body. Its Structure and 
Activities and the Conditions of Its Healthy 
Working. 

By H. Newell Martin. Twelfth Edition, 

Thoroughly Revised by Ernest G. Martin. 

Henry Holt and Co., New York. $4.00. 

8| x si; xv + 701; 1334. 

The twelfth edition of this excellent text¬ 
book follows the pattern of the preceding 
one but is augmented and modified in 
accordance witn recent discoveries. It is 
as complete and clear an outline of human 
anatomy and physiology as could possibly 
be written for the college student. 


BIOCHEMISTRY 

The Physico-chemical Properties of 
Plant Saps in Relation to Phytogbog- 

S ^phy.% Data on Native Vegetation in its 
dtural Environment. 


By J. Arthur Harris. Compiled from 
Original Records and Edited by a Committee 
of Dr. Harris * Colleagues in the University 
of Minnesota. University of Minnesota 
Press, Minneapolis. $4.50. 9$x6;vi + 
33 ?J I 934 - 

A unique situation is involved in the publi¬ 
cation of this volume. The laboratory 
records and field notes of the late J. Arthur 
Harris collected over a period of about 
eighteen years and hitherto unpublished 
have been collected and tabulated by men 
formerly associated with him, and are now 
offered to physiologically-minded ecolo¬ 
gists for interpretation. Professor Harris 
undertook a very extensive survey of the 
physico-chemical properties of the tissue 
fluids of representative plants from very 
diverse ecological habitats intending to 
"analyze the data from two standpoints: 
first, the extent to which the plant’s 
adaptability to environment—as measured 
by its ability to vary the physico-chemical 
properties of its tissue fluids—is a factor in 
plant geography and the evolutionary proc¬ 
ess; and, second, the physical and chemi¬ 
cal properties of the environment as a 
determining factor in the distribution of 
plant forms.” His data include depres¬ 
sion of the freezing point of the expressed 
sap and the osmotic pressure calculated 
therefrom; the specific electrical conduc¬ 
tivity, expressed in ohms; pH value, chlo¬ 
ride content and sulphate content; and for 
each plant the full scientific name and 
notes on its habitat. About n,ooo such 
records are presented here in systematic 
fashion and the problem of indexing and 
cross-indexing and coding has been very 
nicely solved. There is no attempt at 
analysis or interpretation. There are, 
however, notes by Harris setting forth his 
objectives and explaining his methods, 
ana there is a bibliography of the 44 papers 
he and his collaborators published on this 
subject. 

It seems to us that this undertaking is an 
interesting experiment in scholarship; at 
the death of a competent investigator a 
large amount of data, too important to be 
lost, falls into the hands of his literaiy 
executors. How can it best be used? 
This is one way of solving the problem; 
we are curious to see how it works out. 
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A Biochemical Study of the Metabolism 
of Mental Work. Archives of Psychology 
No. 164. 

By Hyman Goldstein. Archives of Psy¬ 
chology, Columbia University, New York. 

$1.00. 9} X 6J; 57; 1934 (paper). 

An important contribution to studies in 
physiological psychology. The work is 
divided into two sections: (1) Investiga¬ 
tions of tasks involving mental work with 
overt physical components (cancellation, 
intelligence test and tapping). The con¬ 
clusions drawn were that 

Increase of the physical component results in 
greater metabolic change as determined by the bio¬ 
chemical methods employed in this investigation. 

Increase of the mental component without increase 
of physical component does not result in greater 
metabolic change, as determined by the biochemical 
methods used in this study. 

(z) Investigation of tasks involving mental 
work with minimum physical component. 
These studies showed that 

Metabolic change, as determined by the bio¬ 
chemical methods of this investigation, does not 
differ significantly from that which occurs during 
“no work.” 

In a discussion of the results obtained 
the author expresses the belief that 

If there arc any effects produced by mental work 
per se upon the total metabolic activity, it is evident 
that the current biochemical methods, particularly 
those employed in this study, do not appear to be 
sufficiently sensitive to detect these effects. 

There may still be very intense biochemi¬ 
cal activity present in particular areas of 
the brain as a result of mental work with¬ 
out affecting the total body metabolism. 
The author presents the results of his 
experiments in tabular form and concludes 
with a literature list of 67 titles. 



Handbuch der Biologischen Arbbits- 
methodbn. Lieferung 428 . Quantitative 
Stoffwechseluntersuchungen , Containing fol¬ 
lowing articles: Technik der Messung des 
Gesamtstoffwechsels und des Energiebedarfes 
von Haustieren, by Francis G. Benedict, V. 
Coropatchinsky and Ernest G. Ritzman; 
Zwei elektriscb kompensierte Emissions-Kalori- 
meter fur kleine Tiere und SSuglinge und fur 
Erwachsene, by Francis G. Benedict. 

Urban und Schwartynberg, Berlin . 6.50 


marks. 10 x 7; pp. 619-750; 1934 
(paper). 

The first of the papers describes the build¬ 
ings, stalls, and apparatus developed at 
the Agricultural Experiment Station at 
Durham, New Hampshire, for respiration 
and nutrition studies on cattle ana horses. 
No one who has ever lived on a farm can 
fail to be impressed by the automatic 
mechanical device, described and illus¬ 
trated in detail, for the collection, removal, 
and storage of manure. 

The second paper describes two types of 
a differential calorimeter much fcetter 
adapted for short time metabolism experi¬ 
ments on man and small animals than the 
older and more massive chambers which 
sometimes weighed fifteen times as much 
as the person being studied. 

Both papers arc thorough and are well 
illustrated. 



The Chemistry of the Hormones. 

By Benjamin Harrow and Carl P. Sher win. 

Williams & Wilkins Co., Baltimore. 

$z.5o. q x 6; vii + ZZ7; 1934. 

A practical book for the laboratory worker 
who wishes to prepare active hormone 
fractions of a chemically pure hormone. 
The main emphasis is on the chemical 
procedure. However, of necessity, con¬ 
siderable biological information is woven 
into the very clearly written exposition. 
Historical information with reference to 
discoveries and development of techniques 
forms a secondary but interesting phase of 
the discourse. There is a chapter devoted 
to each of the following: Thyroid; para¬ 
thyroid; pituitary; adrenal; male, female 
and plant hormones; insulin; and secre¬ 
tion. Each chapter has its extensive list 
of references, and the volume is indexed by 
author and by subject. 



Medizinische Kolloidlehre. Lieferungen 
10 und 11. 

Edited by L. Lichtwit^, Raph. Ed. Liese- 
gang and Karl Spiro. Theodor Steinkopff, 
Dresden. 5 marks each, iof x 7§; Lief. 
10, pp. 689-768; Lief. 11, pp. 769-848; 
1934 (paper) 

Previous numbers of this scries on the 
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application of colloid research to medicine 
have been noticed at various times in these 
columns. The present Liefertmgen contain 
the following papers: Liver and gall; 
spleen, both by K. Hinsberg and T. Wede¬ 
kind; The lung and upper respiratory tract 
and the nervous system, by R. E. Liese- 
gang; The smallest organisms and disinfec¬ 
tion, by H. Reiche; Dietetics of childhood 
with special consideration of milk, by K. 
Scheer; Dietetics of adults, bv W. Heupke, 
and H. Lampert; and Balneology, by R. E. 
Liesegang. 



Annual Review of Biochemistry. Vol¬ 
ume III. 

Edited by James M. Luck. Stanford Uni¬ 
versity Press, Stanford University, Calif. 
$5.00. 8J x 6; viii + 558; 1934. 

The third annual volume of this exceed¬ 
ingly useful review of selected topics in 
biochemistry is. as well done as its prede¬ 
cessors. There is a good deal of flexibility 
in the choice of the subject matter treated; 
some topics are reviewed only biennially, 
and some less active fields are to be treated 
more infrequently still. Two subjects 
appear for the first time in this volume, 
reviews of the biochemistry of malignant 
tissues and of dentistry. 



Introduction to Physiological Chem¬ 
istry. Third Edition. 

By Meyer Bodansky. John Wiley and Sons, 
New York. $4.00 net. 9 x 5I; xi -f 
661; 1934. 

Many sections of the third edition of this 
excellent textbook have been revised to 
include new data which have appeared 
since the last edition. The discussions of 
the chemistry of enzymes, the regulation of 
gastric activity, muscle metabolism, the 
mineral requirements in nutrition, the 
vitamines, hormones, blood and other 
body fluids, have been enlarged. 


Elements db Chimib Organiqub Bio- 
logiqub. Introduction Chimique h 1 'Etude 
de la Biologie Giniralt. 

By Michel Polonovski and Albert Lesfagnol. 

Masson et Cie, Paris. 100 francs. 10 x 

594 ; 1934 (P*peO- . „ 

This is an excellent, systematically ar¬ 
ranged introduction to biochemistry. All 
the groups of compounds basic to plant 
and animal life are discussed, and technical 
instructions given. Although primarily 
intended for the use of physiologists, the 
biologist, physician, pharmacologist and 
chemist should find it a handy reference 
book. The index is very complete. 



SEX 

The Revolutionary Ideas of the Mar¬ 
quis de Sadb. 

By Geoffrey Gorer. Wishart and Co. f 

London . 8s. 6d. net. 8f x 5J; Z64; 1934. 
The portrait which Mr. Gorer draws of 
the Marquis de Sadc is very different from 
the fabulous monster of tradition. De 
Sade was a radical in politics and an 
experimentalist in sex. In the former 
capacity he made influential enemies who 
used his sexual experiments as a pretext 
to ruin him. 

. . . if dc Sade on several occasions indulged in ab¬ 
normal pleasures, he also risked his life to save that 
of a woman who had caused him to be imprisoned 
for thirteen years;... if a psychologist has attached 
his name to a form of cruelty, he was actually an 
inveterate opponent of capital punishment. 

In his political writings de Sade escaped 
the uncritical optimism which led many 
of his contemporaries to look forward to 
an immediate establishment of Utopia. 

He had no illusions about the natural goodness of 
man, but he believed that with complete economic 
and sexual eauality human conditions could be greatly 
bettered. He anticipated the views of Malthus on 
population, and the tolerance of the Danish penal 
code as regards sexual behaviour. 

As a writer on the psychology of sex de 
Sade was a pioneer in a significant field of 
human biology. Unfortunately, however 
important the study of the sexual perver¬ 
sions may be, its spectacular character has 
had the effect of drawing away the atten- 
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cioo of investigators of sexual psychology 
from the still more important study of 
normal sexual behavior. Mr. Gorer con¬ 
siders that KrafFt-Ebing’s definition of 
sadism as 4 ‘sexual emotion associated with 
the wish to inflict pain and use violence” 
reflects a misunderstanding of de Sade's 
own viewpoint and that it would be pref¬ 
erable to use Schrcnck-Notzing's term 
algolagnia for all activities in which sex 
and external pain are united and to ‘ 4 keep 
the word Sadism for the special group of 
instincts which de Sade was the first and 
almost the only person to describe and 
which constitutes by far his most impor¬ 
tant contribution to psychology.” Mr. 
Gorer's proposed redefinition or sadism is 
4 ‘the pleasure felt from the observed 
modifications on the external world pro¬ 
duced by the observer. . . .Like all human 
emotions this is ambivalent, and can be 
either constructive or destructive.'* In 
other words Mr. Gorer would equate 
sadism with the pleasure of self-expression. 

. . . there can be Sadistic satisfaction in painting a 
picture, but not in painting a house under another 
person’s orders and following another person’s taste; 
there can be Sadistic pleasure in killing a person, but 
not if that killing is ordered and independent of the 
killer. 

The book includes a foreword by J. B. 
S. Haldane and a bibliography covering 
four pages of books by and about de Sade, 
but unfortunately it lacks an index. 



Genealogy of Sex. Sex in its Myriad 
Forms , from the One-Celled Animal to the 
Human Being . 

By Curt Thesing . Translated from the 
German by Eden and Cedar Paul . Emerson 
Books , New York. $5.00. 8J x 5J; xii 
+ 186; 1934. 

This book on sex is interesting. Some 
biologists may consider it sensational and 
anthropomorphic, and some specialists (as 
specialists alone can do) will undoubtedly 
mid factual errors within; nevertheless, the 
writings capture the interest of the reader 
and hold it. The author has collected a 
commendable number of natural history 
observations dealing with various be¬ 
havior reactions associated with sexual 


processes throughout much of the animal 
world. He has arranged the material in 
the form of a 'genealogy' in that he at¬ 
tempts to depict the development of the 
sex impulse and its consummation from 
primitive to complex forms. He discusses 
the sex secrets of spiders, squid, crayfish 
and toads with the same realistic enthusi¬ 
asm as he shows in dealing with the 
human organism. The book merits read¬ 
ing. [Reginald the Office Boy liked the 
last chapter best.] 



Recent Advances in Sex and Reproduc¬ 
tive Physiology. 

By J . M. Robson. P. Blakiston s Son and 
Co. 9 Philadelphia. $4.00 net. 7$ x 5$; 
x + 2^19; 1934. 

This book really is what the title says it 
is—recent work on sex physiology. A 
knowledge of the anatomy and physiology 
of sex organs is assumed ana the chief 
topic considered is the recent work on the 
sex hormones. There is no single list of 
references, but separate lists arc given at 
the end of each chapter. The citations arc 
much abbreviated, titles of the papers not 
being included. There is, however, an 
author index and a good subject index. 



BIOMETRY 

Continuous Investigation into the 
Mortality of Assured Lives. Statistics 
for the Six Years 1924-1929. 

Published on behalf of The Institute of 
Actuaries and The Faculty of Actuaries in 
Scotland. University Press 9 Cambridge; 
The Macmillan Co. 9 New York. $15.00. 
9 $ X 6; xxxiv + 675; 1933. 

This book tabulates the combined experi¬ 
ence of a large number of British and a few 
Canadian and Australian (life insurance 
companies for the years 1914-1916 and 
1917-1919. Policy .holders subject to 
extra risk are excluded. Medically exam¬ 
ined lives and those not 'medically exam¬ 
ined are treated independently, while 
under each section the four classes of insur¬ 
ance—whole life with profits, whole life 
without profits, endowment with profits. 
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and endowment without profits—arc tabu¬ 
lated separately. In each table the deaths 
and policies in force as well as the exposed 
to risk and unsmoothed rate of mortal¬ 
ity based on them are given. The total 
experience represents over ten million 
person-years of exposure to risk and 
111,094 deaths. 



Biombtria e Antropometria. Trattato 
Elementare di Statistica Vol. IIL 
By Marcello Boldrini. Antonino Giuffri , 
Milano . L. 50. 9$ x 6J; xiii -f 464; 1934. 
This is one of a series of volumes on ele¬ 
mentary statistics published under the aus¬ 
pices of the Istituto Centrale di Statistica 
of Italy. It summarizes rather thoroughly, 
although often with ineffectual criticism, 
statistical applications in the field of 
biology: problems of growth, evolution, 
genetics, anthropology, somatic constitu¬ 
tion. The exposition is very clear and 
the bibliography complete. There is an 
index of eighteen pages. 



PSYCHOLOGY AND BEHAVIOR 

Modes of Behavioral Adaptation in 
Chimpanzee to Multiple-choice Prob¬ 
lems. Comparative Psychology Monographs , 
Vol. io y No. j . Serial No. 47. 

By Robert M. Yerkes . The Johns Hopkins 

Press , Baltimore. $1.50. 10 x 6J; 108; 

1934 (paper). 

Unfortunately the results of this interest¬ 
ing scries of experiments can only briefly 
be given. Four sexually immature chim¬ 
panzees (3 female, 1 male) served as sub¬ 
jects in the experiments which were under¬ 
taken to determine "(a) whether, and if so 
under what conditions, solution of a cer¬ 
tain type of novel problem occurs sud¬ 
denly, as if by discovery and with insight; 
(A) optimal motivational conditions for 
problem solution; (c) whether adaptation 
to relational problems may be achieved in 
radically different ways, as by trial and 
error versus discovery.** Of 14 problems 
14 (58%) resulted in solution. In 6 of 
the 14 cases the error was abruptly elimi¬ 
nated after 3 or more mistakes. The 


remaining 8 successful adaptations were 
mostly achieved by “gradual approxima¬ 
tion to perfection of response.** The 
experiments are given in detail together 
with their summary in tabular and graphic 
form. The author believes that the fol¬ 
lowing practically and theoretically sig¬ 
nificant generalizations are justified: 

(a) Motivational factors are of two sorts, barring 
intermediates and mixtures; (1) those which prima¬ 
rily influence general activity, interest, and alertness, 
and (1) those which affect specific responses. In this 
investigation the former appeared to be indispensable, 
whereas the latter were of slight or even negative 
value. 

(&) Given excellent general adaptation to \he 
experimental situation ana the experimenter, together 
with willingness to cooperate by making the circuit 
through the multiple-choice apparatus a certain 
number of times daily, marked stimulation by the 
use of motivational factors interfered with the solu¬ 
tion of relational problems by chimpanzee. 

(0 It is indicated that special rewards and deter¬ 
rents neither reenforced correct responses nor in¬ 
hibited incorrect responses, for the fairly obvious 
reason that the same response might be correct for 
one setting of the apparatus and incorrect for the 
next.” 

The study concludes with a brief list of 
references. 



A Field Study of the Behavior and 
Social Relations of Howling Monkeys. 
Comparative Psychology Monographs , Vol. io. 
No. 2y Serial No. 48. 

By C. R. Carpenter. The Johns Hopkins 

Press y Baltimore. $1.2.5. 10 x 168; 

1934 (paper). 

The author spent about eight months 
studying howling monkeys in the Panama 
Canal Zone and in the Republic of Panama. 
Most of the intensive study was made on 
the Island of Barro Colorado, where it was 
possible to keep groups under observation 
day after day. 

The howling monkeys live in clans vary¬ 
ing in size from four to 35 individuals. A 
clan tends to occupy a definite and limited 
territory through which it moves in refer¬ 
ence to lodge and food trees at about the 
rate of eight hundred yards per day. The 
males usually lead the group and when 
they encounter potential danger, or other 
groups of howlers, noisy vocal battles 
result and the group soon shifts its course 
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to avoid contact. The author sometimes 
met with howls and bluff, often accom- 
anied with showers of sticks and dung, 
eforc flight or indifference was shown. 

Among adults in a group the sex ratio 
is approximately i8 per cent males to 71 
per cent females. Mating is apparently 
communal with some preference among 
individuals. The males arc peaceful and 
cooperative toward all members of the 
clan. At times single males become sepa¬ 
rated from a clan and frequently when 
these complcmental males attempt to join 
a strange group they are driven away 
temporarily by vigorous vocalization. 

The young are infants in arms for about 
one month, then they ride their mother’s 
hip until nearly a year old. During the 
second year the young follow the mother 
more or less closely. The young are 
weaned and the tendency for play is at its 
height. Toward the end of the third year 
play habits decline, sexual development 
takes place and the young become sober 
old monkeys. 

There arc sixteen pages of illustrative 
plates, a bibliography of 74 titles, and 
an index to this very interesting study of 
monkey society. 



Thb Philosophy and Psychology of 
Sensation. 

By Charles Harts borne. University of 
Chicago Press , Chicago. $3.00. 9x6; 
xiv + 2-88; 1934. 

Here we have presented to us the theory of 
the Affective (Continuum which, according 
to the author, is the foundation of inter- 
sensory resemblances. It 

implies that whatever qualities exist can he related as 
variables intersecting m the same system. It also 
implies that qualities of human experience correspond 
in some degrees to the qualities of neural and somatic 
cellular experiences which by the bond of sympathy 
which is the psycho-physical relation, form their 
physiological conditions.'' A characteristic example 
will render the meaning clearer: “the smell of a 
skunk—which in moderate intensity may be enjoyed 
7~is a bitter like smell, a bitterness differently spatial- 
ized from that of the taste of strychnine, but plainly 
akin to it.“ 

The greater part of this work deals 
especially with visual and auditory sensa¬ 


tions. Aside from minor inaccuracies 
such as that the wave-length of the visible 
spectrum is from 400 to 800 millimeters, we 
arc introduced to a derivation of the affec¬ 
tive continuum, e.g., “the brightness of 
highly pitched sounds.” The author 
affirms that if this fact and its implications 
had been seriously considered by physiolo- 
ists, the Wevcr-Bray phenomenon would 
ave been discovered long ago. Not 
being a philosopher we cannot understand 
how nor where the author derives the 
erroneous assertions that nobody is deaf 
to the brightness range (the upper limit of 
which is apparently regarded by the 
author as 800 cycles). 

From the viewpoint of an empiricist, 
the examples given above, together with 
the statement that some of the evidence 
discussed is based only on intuition, the 
disregard of experimental data and last but 
not least the appendix on the applicability 
of the affective continuum to theology, are 
sufficient to classify this book as an at¬ 
tempt to reduce psychology to its primi¬ 
tive sterile status. In our opinion the 
author achieves clearness of language and 
expression only in discussing matter of his 
own specialty and we find worthy of par¬ 
ticular praise his pages on aesthetics. 



Who Shall Survive? A New Approach to 
the Problem of Human Interrelations. 

By J. L. Moreno. Nervous and Mental 

Disease Publishing Co., Washington . 

$4.00. 9^ x 6; xvi + 440; 1934. 

The student of human relations will find 
this an interesting book. The author first 
experienced the need for some definite 
method of social and psychological plan¬ 
ning when a member of a staff which was 
supervising a ^roup of 10,000 Austrians of 
Italian extraction who were moved during 
the World War from their homes in the 
southern Tyrol to a place near Vienna. 
The throwing together of such a large 
group, unselectcd, unaccustomed to the 
environment, and unadjusted within them¬ 
selves produced great unhappiness and 
friction. To bring about a better social 
adjustment within this group Dr. Moreno 
began his first experiments m sociometric 
planning, later carrying on and extending 
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and refining his methods among groups 
in this country, chiefly in public ana train¬ 
ing schools in and near New York City. 
He has also been concerned with the 
psychological planning of communities for 
the Department of the Interior. Briefly, 
socionomy is a science which is concerned 
with the psychological properties of popu¬ 
lations and with the communal problems 
which these properties produce. Sodom- 
etry is the mathematical study of these 
psychological properties. The amount 
of organization shown by social groups is 
measured by the sociometric test. By 
means of this test an individual can make 
his choice, without restraint, for member¬ 
ship in the group for which he is best 
fitted. In one of the last sections in the 
volume the writer discusses the importance 
of maintaining the sfontamability of the in¬ 
dividual which requires the concentration 
of all agencies—technological, psycholog¬ 
ical and eugenic. The experimental work 
is illustrated by numerous charts and 
graphs. Further notes, a glossary, and a 
bibliography arc included in a series of 
supplements. The volume is indexed. 

4r 

The Behaviour of Animals. An Introduc¬ 
tion to its Study. 

By E. S. Bussell. Longmans , Green and 

Co., New York. $4.10. 8$ x 5!; viii -f 

184; 1934. 

A book which cannot fail to interest its 
readers. It should be in all biological as 
well as general libraries. For the general 
reader interested in natural history no 
better introduction to the study of animal 
behavior has appeared. Likewise all 
students intending to specialize in this 
line of work will find it valuable reading. 
Stress is placed on the importance of 
regarding the animal as an entity rather 
than studying it as a mere bundle of mech¬ 
anisms responding to stimuli, on observing 
and recording full y and accurately an 
animals behavior m its daily activities, 
not only what is unusual but even the sim¬ 
plest responses. The author believes that 
much valuable knowledge of animal be¬ 
havior is possessed by game keepers, 
shepherds, dog breeders, etc. which the 
professional student has generally ignored. 


He does not find Houle's theory that the 
salmon, when ready to spawn seeks in¬ 
creased quantities of dissolved oxygen in 
fresh water streams, sufficient to explain 
why this species seeks a particular estuary 
or a particular stream which at its moutn 
frequently contains heavily polluted water 
which it must pass through before reach¬ 
ing the fresher water. The volume is 
adequately illustrated, each chapter is well 
documented and there is an index. 



You Must Relax. A Practical Method*of 
Reducing the Strain of Modem Living. 

By Edmund Jacobson. Whittlesey House, 

McGraw-Hill Book Co., New York. $1.50. 

74 x 5; xv + ioi; 1934. 

A 4 ‘handy* * book (third printing), based on 
the author's earlier work Progressive Relaxa¬ 
tion, whereby Americans can keep up their 
fast pace of living without too great a 
strain on the system. Dr. Jacobson, of 
the University of Chicago, has for many 
years devoted his attention to neuro¬ 
muscular tensions and the disabilities 
which they produce. He has developed 
a method of relaxation which he strongly 
recommends to all those who, while 
physically fit, suffer from exhaustion, 
insomnia, or nervousness of one kind or 
another. He gives detailed instructions 
on how to relax properly even while being 
active. Progressive relaxation under his 
system frequently brings improvement 
where there is no organic disease in cases 
of indigestion and colitis and he believes 
that some advancement is being made by 
the same method in the little understood 
field of hypertension. Written expressly 
for the layman the volume is devoid of 
technicalities. It contains a number of 
illustrations but is without index. 



Mechanisms of Handedness in the Rat. 
Comparative Psychology Monographs, Vol. 9, 
No. 6 , Serial No. 46. 

By Geo. M. Peterson. The Johns Hopkins 
Press, Baltimore . 10 x 6}; 67; 

handedness seem to occur in 
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about equal numbers with rats, the ambi¬ 
dexterity occurring less frequently than 
either of the other conditions. Handed¬ 
ness seems to be a stable characteristic 
though relatively complex. Chance use 
or previous experience cannot entirely 
account for the trait for ambidextrous 
animals do not acquire a fixed preference 
for one hand after a greater amount of 
forced practice with that hand. Seven 
generations of inbreeding were insufficient 
to establish a simple Mendelian mech¬ 
anism for the inheritance of the trait. 
Cerebral localization of handedness lies in 
the frontal area of the contralateral hemi¬ 
sphere. Destruction amounting to less 
tnan 4 per cent of the area of one hemi¬ 
sphere will lead to transfer in the prefer¬ 
ential use of the hands. 

Twenty pages of appendices give the 
tabulated test data, and two pages of 

S lates give z8 diagrams of local cerebral 
cstruction relative to certain rats under 
test. There is a bibliography of 2.3 titles. 



Introduction to Physiological Psychol¬ 
ogy. 

By Gray don LaV. Freeman. Ronald Press 

Co., New York. $4.50. 8x5!; xvii + 

579 ; 1934 - 

One is tempted to characterize this book as 
psychology in terms of axial gradients, 
but that is hardly fair as it would seem to 
imply that the author is riding a hobby 
which is not the case. There is more of 
what is generally taught as biology than 
is usual m a psychology text. This is to 
be expected from the author’s definition: 
4 ’the field of physiological psychology 
covers these investigations and interests 
which lie between psychology, physiology, 
and neurology, and which are not para¬ 
mount to any one of them. It is, in a 
sense, a hybrid, like physiological chem¬ 
istry, and serves to emphasize the essential 
continuity of the sciences.” 

The book is divided into four main 
divisions: Basic neural mechanisms in 
behavior, Structuro-functional organiza¬ 
tion of neural mechanisms, and Integrative 
action of neural mechanisms, and neural 
mechanisms and variable behavior. There 
are selected references at the ends of the 


chapters as well as the regular literature 
citations given in foot-notes. The index 
includes both authors and subjects. 



Keeping a Sound Mind. 

By John J. B . Morgan . The Macmillan 
Co., New York. $i.oo. x 5J; ix + 
440; 1934. 

This book puts the findings of psycholo¬ 
gists and psychiatrists on mental hygiene 
into non-technical language for the benefit 
primarily of college students. Its view¬ 
point is that mental health depends in 
large part on the formation 01 certain 
mental habits and the elimination of cer¬ 
tain others. The chief factor which leads 
in extreme cases to the functional mental 
diseases and in less extreme cases to un¬ 
happiness and inefficiency is the refusal in 
one form or other to face reality. Partic¬ 
ularly dangerous is the habit of blaming 
others for our failures. The ascetic ide¬ 
ology which assumes that to be meri¬ 
torious an activity must be distasteful is 
also the cause of much maladjustment. 
“Modern researches have demonstrated 
that work is man’s best friend. It is a 
means of prophylaxis against mental dis¬ 
ease and a therapeutic agent for effecting 
cures.” The book contains a two-page 
list of references for further reading and 
an index. 



Introduction to Comparative Psychol¬ 
ogy. 

By Carl J. Warden, Thomas N. Jenkins and 
Lucien H . Warner. Ronald Press Co., New 
York. $4.50. 8 x 5t; x 4- 581; 1934. 
This is an excellent reference or text-book, 
bringing together widely scattered mate¬ 
rial on the behavior of infra-human 
organisms. The present volume is an 
abridged and simplified edition of a larger 
and more detailed work by the same 
authors to be called Comparative Psychology . 

The first six chapters are somewhat gen¬ 
eral, giving historical background, general 
aspects of behavior and methods of testing 
capacities. Hie last 14 chapters are 
devoted to the description of the reactions 
of the different phyla. The same topical 



494 


THE QUARTERLY REVIEW OF BIOLOGY 


arrangement is maintained from group to 
croup; so one can follow, protective be¬ 
havior, for example, from amoeba to 
monkeys. Although that particular sub- 

1 'ect fares pretty poorly, the took is a store- 
louse of information. 

There arc subject and author indices. 



Civilized Life. The Principles and Appli¬ 
cations of Social Psychology. A Revision and 
Enlargement of Social Psychology, /pay. 

By Knight Dunlap. The Williams 6* 
Wilkins Co., Baltimore . $4.00. x 5J; 
ix + 374; i£3 4 . 

This is a revised and enlarged edition of 
the author’s Social Psychology , which was 
noticed in Volume 1, page 137 of this 
Review. Chapters have been added on 
desire, race ana civilization, and the child 


Mr. Healy knows his clarets and sau- 
temcs, and rates them, on the whole, very 
fairly and justly. He describes the proc¬ 
esses of their growth and manufacture in 
considerable detail, and gives excellent 
advice about buving, storing, and serving 
them. Naturally the bulk of the book 
goes to the red wines. There isn’t much 
that can be said about a Chateau Yqucm 
of a great year except to be as lyrical as 
your powers permit, once and for all, and 
then maintain a reverend peace. It is 

f ood to talk about wine, yes, but still 
ettcr to drink it. 


There are some odd biological facts and 

S roblcms about Bordeaux wines that Mr. 

lealy touches upon. One of them com¬ 
pletely floored Pasteur, by his own admis¬ 
sion, after a considerable struggle. 


as a member of the group. Professor 
Dunlap intends to elaborate the topics of 
the family, religion, and politics in sepa¬ 
rate treatises which will deal with them 
in more detail than is possible in the pres¬ 
ent book. An index and an annotated 
bibliography, in which he tells—some¬ 
times quite pungcntly—what he thinks of 
the books cited, arc included. 



DE OMNIBUS REBUS 
ET QUIBUSDEM ALUS 

Claret and the White Wines of Bordeaux. 

By Maurice Healy . Constable and Co., 

London. 5 shillings net. 7! x 4!; 165; 

1 . 934 - 

This volume well maintains the high 
standard set by the earlier volumes of the 
Constable Wine Series. The grands vins 
of Bordeaux arc, at their best, the superla¬ 
tively best examples of God’s major gift to 
the gustatory and associated senses of 
mankind. 

[Reginald the Office Boy says this is too strong a 
statement, likely to lead some paranoiac weaned on 
Burgundy or Rioja to shoot up the office. He is 
wrong* We have understated the facts. And in any 
case magnanimity and reasonableness are our strong 
points. Should any one feel an urge to prove to us 
by example that there are better wines than the best 
of Bordeaux, here we are, ready and waiting. No 
more willing guinea pig ever offered himself for 
experimentation f] 


Attending Marvels. A Patagonian 
Journal. 

By George G. Simpson. The Macmillan 

Co., New York. $3.00. 9J x 6J; xiii + 

*95.+ *5 P^tes; 1934. 

This is an extremely entertaining book. 
The author, Associate Curator of Verte¬ 
brate Paleontology at the American Mu¬ 
seum went to Patagonia to collect fossils, 
where they grow weird ones for reasons 
that he makes quite plausible even to those 
not nurtured on geology. The first thing 
he did was to run head on into a lively sort 
of revolution, barely escaping serious con¬ 
sequences. Then with a truck and as¬ 
sorted helpers as time went on he ranged 
over the pampas, certainly one of the most 
literally God-forsaken countries in which 
civilized human beings habitually move 
and have their beings. The essence of 
Patagonia is wind —lots of it. Air in a 
tremendous hurry to get somewhere else, 
in short. And worse, this aerial urge is so 
nearly perennial as to make no matter. 

The author writes both vividly and 
logically. The result is an amazingly 
good book, that tells the reader what he 
really wants to know about the physiog¬ 
raphy, fauna, flora, the people and their 
manners and customs, the history, con¬ 
fection and virtues of the national drink 
yerba mati, and a thousand other things. 
The book is well illustrated with photo¬ 
graphs, but unfortunately lacks an index. 
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The Philosophical Writings op Leibniz. 
Everyman s Library Volume No. go;. 

Selected and Translated by Mary Morris. 

E. P. Dutton and Co., New York. 90 

cents. 6J x 4}; xxxiii -f- 184; 193a. 
This Everyman s Library edition of selec¬ 
tions from Leibniz’s philosophical 
writings includes the Monadology; Prin¬ 
ciples of Nature and of Grace, Founded on 
Reason; and On the Ultimate Origination of 
Things. These are given complete. In 
order to show the development of 
Leibniz’s philosophy extracts are also 
given from his correspondence with 
Foucher, Arnauld, Baylc and Clarke, 
and from his Exposition and Defence of the 
New System and New Essays on the Human 
Understanding. Finally in order “to illus¬ 
trate the breadth and variety of Leibniz’s 
interests, and also his attitude to other 
men of learning of his time,’* a number of 
miscellaneous extracts from his writings 
arc selected. The book includes an in¬ 
troduction by C. R. Morris, a biblio¬ 
graphical note, an annotated index of 
proper names, and a philosophical index. 



Seven Famous Novels by H. G. Wells. 
The Time Machine. The Island of Dr. 
Moreau. The Invisible Man. The War of the 
Worlds. The First Men in the Moon. The 
Food of the Gods. In the Days of the Comet. 
By H . G. Wells. Alfred A. Knopf, New 
York . $1.75. 8J x 5^; xi + 860; 1934. 


H. G. Wells started what may properly 
be called his career as a biologist. He 
has never wholly forsaken the outlook 
and habits of thought indoctrinated in 
the South Kensington laboratory. Manv 
of his readers fed that the seven novels 
here reissued are, taken as a lot, the best 
work he has ever done. They arc, in the 
order of this edition, The Time Machine; 
The Island of Dr. Moreau; The Invisible 
Man; The War of the Worlds; The First Men 
in the Moon; The Food of the Gods; In the 
Days of the Comet. They arc, one and all, 
biological romances au fond, and no one 
without training in biology can get the 
full savour of them. The publisher has 
done a real service in making these stories 
readily available in beautiful format and 
at an amazingly low price. 



Sixth Report of the United States 
Geographic Board, 1890 to 1932.. 

U. S. Government Printing Office, Wash¬ 
ington. 80 cents. 9! x 5I; ix + 834; 
1933 (paper). , 

This report contains all important de¬ 
cisions made by the Board from 1890 up to 
June 1932.. There is an interesting dis¬ 
cussion of the problem of making names, 
and an equally interesting account of the 
history 01 the organization. Pages 76-834 
are devoted to an alphabetical list of 
foreign and national geographical names 
approved by the Board. 




THE COST OF BIOLOGICAL BOOKS IN 1934 

By JOHN R. MINER 

Department of Biology , School of Hygiene and Public Healthy Johns Hopkins University 


F ollowing the usual custom of 

the Quarterly Review of Bi¬ 
ology the present paper is de¬ 
voted to a report on the cost of 
books which have been reviewed during 
1934. In a reference in Nature to “The 
Cost of Biological Books in 1933" the 
question was raised whether the rubric 
“England** in Tables 1 and 2. did not in¬ 
clude books published in Scotland. This 
is true; we apologize to all good Scotsmen 
for this unintentional slight and change 


TABLE 1 

Prices of Biological Books, 1934 


ORIGIN 

TOTAL 

PAGE8 

TOTAL 

COST 

PRICK 

PER 

PAGE 

Germany. 

7,811 

H 

$ 

-ft 

ctntt 

I.89 

British-American. 

x 3 »443 

x 95 35 

MS 

France. 

11,041 

110.12. 

1.00 

Great Britain. 

14,151 

135-87 

0.96 

United States. 

«S .959 

616.51 

o -93 

British Government. 

488 

4 35 

0.89 

Other countries. 

6 > 7 * 5 

57-75 

0.86 

U. S. Government. 

}.i 67 

6.00 

0.18 


the rubric “England** to “Great Britain,’’ 
and *‘English-American” to “British- 
American” with the understanding that 
in all previous reports these two rubrics 
include books published in Scotland. The 
prices of foreign books were converted 
into dollars on the basis of the exchange 
at the time the books were received. 

Thd total number of pages reviewed in 
1934 is 12.3,876, an increase of 18.3 per cent 
over 1933 and of 50.0 per cent over 19x6. 

Table x shows the price trends of books 
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published in various countries from 19x6 
to 1934 and the absolute and relative 
changes in price from 1933 to 1934 and 
from 19x6 to 1934. Figure 1, plotted on 
an arithlog scale, compares the price 
trends for Germany, France, Great Britaih 
and the United States. The average price 
per page of foreign biological books in 
terms of United States currency has in 
general increased from 1933 to 1934. Only 
the books published by the British Gov¬ 
ernment have shown a decrease in price 
and these form too small a sample to be 
reliable. This increase is no doubt at¬ 
tributable, at least in part, to Mr. Roose¬ 
velt’s noble experiment with the dollar. 
On the other hand, the trend of price of 
biological books published in the United 
States is still downward. As a result of 
these opposite trends of foreign and do¬ 
mestic, books the average price per page of 
all the books reviewed in 1934 has changed 
but little, being 1.036 cents, an increase of 
3.1 per cent over 1933 but a decrease of 5.6 
per cent from 19x6. 

The price, in terms of the dollar, of books 
published in Great Britain has increased 
nearly one-half from 1933 to 1934, but is 
still X5 per cent below the 19x6 price. 
French books, which until 1933 were the 
least expensive of any commercially 
printed books, have increased in price by 
more than a third from 1933 to 1934, and 
are now nearly triple the 19x6 price. Ger¬ 
man books are again the most expensive 
of all. As was noted in the report for 
1933 the high prices of German scientific 
books and periodicals have worked great 
hardship to both libraries and individual 
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TABLE i 

Comparison of tbi Prices of Biological Books from 1926 to 19)4 


ORIGIN 

AVZRAOX PRICE PER PAGE 

CHANGE *f OR - 
PROM 1933 TO 
>934 

CHANGE + OR — 
PROM ISrf TO 1934 


19 X 6 

w 

19*$ 


« 93 © 

1931 

1931 

>933 

*934 

Absolute 

Relative 




tmts 

emit 

smtt 

(MV/ 

cmft 

emit 

emtt 

emtt 

emit 

emit 

ferumt 

cmn 

for ant 

British-American. 



I.46 

1.90 

i.91 

1.17 

1.48 

*.19 

*•45 

+O.16 

+xi.4 

— o.xo 

-6.5 

Other countries. 


0.78 

1.13* 

1.68 

0.97 

*•53 

X. 01 

0.85 

0.86 

+0.01 

+*.i 

—0.65 

-43.O 

Great Britain. 


1.14 

1.09 

1.19 

1.13 

1.19 

O.89 

0.66 

0.96 

+O.3O 

+ 4 JJ 

-0.31 

-15.O 

United States. 


i.09 

1.14 

x.i4 

1.09 

1.05 

I .OO 

X.OL 

0.93 

—0.09 

—8.8 

—0.19 

-17.0 

Germany. 

I.09 

1.10 

I.48 

1.65 

1.81 

*■75 

1.60 

*■43 

1.89 

+O.46 

+31.1 

+0.80 

+ 73-4 

British Government... 

SBI 

0.96 

I.l 6 

0.39 

1.19 

1.03 

*•45 

*•39 

0.89 

—O.5O 

—36.0 

-o.ort 

" 73 t 

France. 

o -35 

0.36 

o -45 

o -47 

0.47 

0.69 

0.60 

0.74 

3 

+0.16 

+ 35 * 

+0.65 

+185.7 

U. S. Government_ 

0.31 

0.14 

0.11 

0.13 

0.30 

0.18 

0.36 

0.17 

o.x8 

+ 0.01 

+ 5-9 

-0.13 

-41.9 


* With two special treatises omitted as explained in Vol. 3, p. 601. 
t Change from 1917 to 1934. 
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Fig. x. Average Price na Pag* in Cents roi Biological Books Published in Germany, France, Great 
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scientists; so much so that the Medical 
Library Association recommended that, 
unless prices were reduced, libraries should 
cancel their subscriptions to the most ex¬ 
pensive journals. As a result of con¬ 


ferences with the German publishers 
reductions in the prices of scientific peri¬ 
odicals have been made, but evidently 
these reductions do not extend to scientific 
books. 
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